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The o))j('ct of this book is to present a siiiHinary of the n'cent 
advances in the study of vamish(‘s and th(‘ir eoin})onents. 
detailed tieatment wortliy of the importance of the siibj(U‘t is 
im])ossibl(‘ in a vohinu' of comparatively small siz<\ but tJiosc^ who 
wish to oJ)tain instnu'tMris |or the ear^^^ng out of the processes 
on a factory scale will (ind references to reliable authorities. For 
the coin'eni(‘nce of Headers who ar(‘ miab}(‘ to consult the foreign^ 
authorities, abstracts will’ be found in the Journal of the Society of 
C hemical Iriflualry. and in th(' bil)liograph\ ijt th(? end of this book. 

It has bi‘(*ii eonsid(*r(‘d necessary to lay stress on tlu‘ chemical 
composition of th(' eonipoiumts of varnishes as far as they are 
known to allect the jwoperties of th(‘ “ mixings.” It must be 
conhissed tliat the influcuice of clKunical eojuposition often appears 
f(‘(‘f)le, but in the opinion <d tlu' wTiter closer invesfigation always 
maintains th(^ connection betwanm chfunical ef)mposition and 
pro])erties. ^ ^ , 

The vaiiiisli-maker deals fm* tlui most part with subgJ^iKiCS of 
a colloid nature whiej] give systtuus -whose projierties are often 
not comparable with thos(‘ of collouls in aqueous media. The 
composition of linseed oil, w'hich is the m?;st importafit component^ 
of oil varnishes, is faii ly wtU know n, but th(*“ drying ’• or oxidation 
})rocess has been very inadi^qiiabiy investigated. As in p^i^iJs 
the oil nu'diuTii is on^ of th(‘ decisive factors of the durability of the 
coating, althoiigh in varnishes the durability is grcjjbtly* influeoeed 
by the anipunt and quality of the resins, which themselves have 
been also inadequately investigated j The properties of linoxyn 
and the changes which occur on tb^ .weathering of resins dissolved 
in drying oils would form excellerfjb^subjectf for investigation by 
a llesearch^S^sociatioii*. Imave lai^ stress on the cons^ration of 
problems #f Viscosity and elastici^-' in the maintenance of uni- 
formity througjiout the vfy’^lsh film, W'^ich is of paramount import- 
ance in producing a permanent j)lane ^surface* and A preventing 
“ bloom.” The preseijce of g^iall quantities of foreign substances 
profoundly fiodities the superficial properties of varnish films, which 
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is a characteristic of coHoid systems, and many sujt change? cannot 
lie easily explained. Nevertheless, from tlj^ author’s exj^erience 
the properties of varnishes coriSorm broadly to those of norrnaj 
systems, if due allovvanee be made for the special relationshifis of 
the er>mpononts. ^ 

Rc^aders jnay l)e disappointed in not finding recipes for the 
preparation of up-to-date varnishes. The formula givcm^^illustrate 
general princi})lps without going* fully into craftsmen’s details. 
Even if full details were given, variation in the finality of the r^j\' 
material would seriously affcK't the (pialities of the products’. There 
are, however^ a few principles connecting the jn’oportions of the 
compommts, and if good r(‘sults arc required giMid materials must 
be used. I have lightly touched on the di'tails of tht% decorator's 
craft, and on the essential importance of underiHiats of gopd quality, 
because many of thef^uperlicial defects are causi'd by lu'glect of 
the jjreparation (ff the under-surf aw*. 

The chapter on spirit varnishes contains a short reference to 
“dopes” or soluble cellulose spirit mixings, which arc still used 
as rather inadeejuate ])rotectors of metals. 

The larg(* demand for insulating varnishes lias merited a sp(*cial 
ch.ipter. Linoleum has not been inclu'led, although a study of 
the proi^esses of that industry is of value to any interest'd in the 
properties of lifioxyn. A summary of the Jin'owledge of this industry 
has been given^ by de Wade and the writu’ in Rubber, BeMm, 
Pmnts, and Varnishes, ^ 

M\ arc due to Messrs. Mandc'r Brothers, Wolverhampton, 

for |Mirmission to publish this bofik ; to Dr. Morgan and Mi\ Hedley 
Barry for kindly reading the jiroofs, and for making many helpful 
criticisms; t^ Dr.'V. E>^’e for photographs of varieties of linseed; 
bo the British Engineering Standards Association for permission 
tc-rT^prodpee the 4^tails of many specifications ; to the Aerostyle 
Company (Sprajing Apparatus), the Aluminium Plant and Vessel 
CoKipany (Criim Mi'lting Pots)^ Messrs. Goodyear of Dudley (Stoves), 
Messrs. S. ’H. Johpson (Filter-firesses), Messrs. Scott, LRl. (Extrac- 
tion Oil Plant), the UniR^df Water Softeners (Jompany (Shaqiles 
Centrifuge), and to the Editcr of the Oil and Coloui’ ("heraists 
Association, who have suppliiijlblocks^r some of the illustrations 
and usefuVidescriptive details. iLast but notf least, I wrsi to express 
my indebtedness to my wife w the labour of typm^itirg the mass ' 
of details iAjolved in the c^?«<q)ilation q{ the MS. 

R. *S. I^ipRRELL 


WrtT AriPWTr 4 Minrrkxr . 
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Prior to the 9th Century the term varnish ” was applied to a» 
resin. The Oxford English Dictionary (11)16) gives the variations 
of the word from the 14th to tlie 17tli Century : English, vernisshe 
(14th (kml^iry), vernyshe (1 5th to 17th Century) ; Old French 
(12th (lentury), vernis or verniz ; Middle Jligh German, firnis ; 
Medi.‘«val Greek, pcgv'iKii ; Spanish, harniz. • 

References to it are described in lb. weight, whilst fluids such 
as oils are stated in gallons. In the accounts for the decoration 
of the Painted Chamber at Westminster in *1274-77 the following 
items appear : 

Id Reymiind — 17 lb. white lead . . . Tfs Xd 

24 lb. varnish . . . XITs 

1 () gallons oil . . . . 5»VIa 

Tire varnish melted and boikd with linseed oil formed a liquid, 
vernice ii(piida. The Greeks gave to amber the name berenice^ 
as they considered yiat it resembled in colour and lustre the sacred^ 
yellow locks of Berenice, Queim of Cyrene (3rd Corluwip A.B.). 
Berenice {pheronice, “ who gives vitftory ”) became verenice, vemix^ 
and vernis (Mediawal Latin).* Veronice, or verenice was the common 
name for amber in the MSS. of the Middle* Agesf After the 16th 
Century the word vemix ceased to Ixj applkid exclusively to dry 
resin and was used to denote a fluid compound.* The legendary 
origin of the word varnish as being equivalent to amber has'^ 
been put forward by • some writers, but it does not seem to be 
entirely satisfactory, and according to the Oxford English Bictiormy 
(1916) the origin of the word is unknWn. The Egyptians made 
a good varnish composed probably pf soft reigns or oleoresins 
and possibly linseed oil, but without thinners. It is stated by 
some that the Egyptians were entirely unaware of the oil that 
could be expressed from Ij^ocd. Iff is possible that the resins 
contained copals fronf the interior of Africa, and since flax 
^as cultivated in Egypt the oil most probably was linseed oil. 
The varnish foynd on muq^my cases! is in excellent preserva- 
tion, and must have been applied with the finger •or with a 
spatula. Many of the softer r^ins from the Eaft, e,g. sancjarach, 
mastic, and olibanum, Aiust have been available* to the ancients. 

* The Clerma]lname<or amI>W is 6 ern«tem (Berenice’s ston»). • 
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.The resins were applied in the form of a powder, which wafe melted 
by holding a hot iron or torch near them, after which the surface 
was polished by rubbing. The application ck varnish to jfaintings 
and the polishing of sculpture by rubbing in resins were praqtisSi 
by i^iK^lles and Praxiteles. Soft resms such as mastic, sandarach, 
and olibanum were used (the word libanom is found in the poems 
of Leonides, 3rd Century b.c.). Pigments were mixed with melted 
wax and applied in liquid form with a brush ; when cold the surface 
was re-melted -to })roducc an apparently enanujlled surface, or the 
coloured wax in the solid form, closel}^ resembling wax crayons, 
was ai>plied to a warmed surface' with a tool known as a cauterium 
and modelle/1 into shape (Laurie, Materials of the Painter's Craft, 

1 1910, p. 55). The efietd was enhanced by mixing resins with the 
wax to harden it, or by api)lying resin to the surface and so forming 
a varnish finish. 

Chaucer, “ The Reeve’s Tale ” (138()) : 

Wcl hath tl\e inyller vornysshed bis heed, 

Ful piile ho was for, dronkea and nat rood. 

The use of oil as, a solvent for resin is mentioned by Pliny, 
“ resina omnis dissolvetur oleo,’’ and, before Pliny, Hioscorides 
described walnut and poppy oil, which are also drying oils. 

The principles of varnish-making in Euroi)e were first put forward 
by Theophilus Presbyter (probably Tutilo of 8t. Call, lOth-llth 
Century a.d^}, who in his “ Schedula Diversarium Artium ” gave 
recipes of standard and well-known technological processes. The 
manufacture df an oil varnish is here rfeseribed for the first time, 
it was made from “ oleum and gum fornis ” by melting the gum and 
(iissolving in hot linseed ‘oil, heating until one-third of the mixture 
had be!hr'{Hv'eated off, and adding more hot oil until the proportions 
of oil to resin were two to one. The }>roduet was tt^sted during 
the making in much the same manner as now. The resin used was 
amber. The varnish 'sias not thinned, and was applied warm by 
the finger rather than‘by brush. In 1388 a similar formula was put 
.Jqrward by Alcherius. In 1520 rosin {pica greca or gloriat) was 
mixed with santlarach and run in linseed oil to give a varnish 
for armour, cross-bows, and arquebuses, and applied by a sponge 
oi^a piece of^w^ood, but no tjiinners were added. Ordinary varnish 
used from the 9H;i till late in the 15th Century consisted of a fairly 
soluble resin—sandarach or mastic, or both, dissolved in linseed 
oil, with the addition, in m^py cases, of a considerable quantity 
of rosin. In 1575^ mention is again made of the runnifig of 
amber in oil, a small qualitity ofMtil ljung employed at first, 
and aftehvards the rest of the oil was added on the lines of the 
recipe given by Theophilus. * It is not until 1750 ^hat Albert*! 
of Magdebijrg described \Jfe manufac^ture of an amber linseed oil 
varnish thinned with turpentine. These oil va^^nishes were made 
on a TEsry small locale, 6 oz. of amlx^ per melt being used compared 
.Vith 120 lb. of resin per melt nowadays. The vatnisfies were of 
the longJbil class and the driers wftre lead and umW&r (Petitot of 
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Geneva, 1644). The use of driers in vegetable’ oils has been known 
for centuries. Galen (2nd Century a.d.) and Marcel lus (4th 
Century a.d.) nicntiSn the use trf lead and umber in the drying 
8f oils. The use of mangan^e as a drier is comparatively recent. 
Farackay in the early part of the last cenkiry is cn^dited vv^h its 
use on purely theoretical grounds. 'The bleaching of oils by sun- 
light is mentioned by Dioscorides. Poppy and walnut oils are 
described by him, but not lins^ied, oil, the use of which is not 
mentioned before ifctius (5th Century a.d.). aThe mediaeval 
minters were most candid in the purification of the oils used. 
Water seemed ni^ccssary in the refining of oils, and the two were 
heated together for sevi^ral days to dissolve out soluble ingredients, 
the mixture then being allowed to settle and the oil poured 
off. The addition of anhydrous salts to remove the water brought 
in the iise^of white vitriol (copperas). There is no doubt that 
the use of ^his substance originated from the old custom of refining, 
and the classification of copj^eras among driers ” was based on 
a misunderstanding of terms ; although in an im])«re state, contain- 
ing manganest‘, it would uccidi^rate the drying of linseed oil. ^ 

The preparation and filling of the woojl previous to painting 
as rt^commemded by Theophilus and Cennini (14th Century) have 
a close resemblance to the craftsman’s methods of to-day. Jan 
van Eyck’s pictures (1410) probably owe their durability not merely 
to the colours incorporated with the oil, but to the use of an oleo- 
resinous vehicle such as might be strictly employei^ as a varnish 
over a finished ])icturc.* Nevertheless he may not have painted in 
oil and may have glazeiT his pictures, begun in tempera, with a 
medium containing some oil to increase their permanence and 
brilliance (Laurie, doc. cit. p. 375).* Tlfe Flemish painters Cu^ 
and Rembrandt are said to have used an oleorcsin ' I4*¥ffsh as a 
vehicle, and the lattei' employed lAi amber varnish. Leonardo da 
Vinci (l^lb) stated by Vasari to have used a similar vehicle. 
The use of such oleorcsin vchiclijs madtf a firfSal vfft’nishing un- 
necessary; nevertheless the use of varnish* has again* given place 
to oil, although modern paintings do not cqflal those of the 
medieval masters in durability. The variety o^ pigment colours 
is now much create? than formerly, and the result of mixing 
varnish with the oil colours is often unsatisfactory. • • • 

Watin 1773 is the first author ^o write on jDaint and* varnish 
as now used technically. Copal and jvniber were the two principal 
resins employed, copal being reservf^ for the paler varnishes and 
amber for gold varnishes or those used over dark colours. The 
resins were previously |wea4«i before Incorporation in the oil, which 
was as pale as possible and well clarified. Turpentine wa# employed 
'‘^as a thinner, and without it the vg,rniBhes are stated not to have 
dried. The smaller the amount of oil harder and quicker drying 
was the varnish 1 lb. of copal was used with a qu^er or half a 

* Venice turpentine ant^ oleo dilbbezzo (the balsam o§the silver pme) were 
used, with .little admixtitte of oils, as media, in the time of Van Eyck and his 
immediate foWowors. • # • * 
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pound of oil. The firsf varnish factory was established in England 
in 1790, in Prance and in Germany between 1820 and 1830, followed 
by Austria in 1843. The manufcicture of varnish in America was 
on a comparatively small scale twenty or thirty years ago, 
nowadays it is a serions competitor' with England* and Gewnany 
in the matter of production. England and Holland were the first 
to put varnish manufaciture on a technical fiasis. 

Tingry (1803) describes fiye classes of varnishes : two classes 
of spirit varnishes, one class of turpentine varnislies, one class of 
soft copal varnisht^s containing oil of lavemder as solvent with the 
addition of 2 per cent of camphor, and one cfass of oleoresinoiis 
varnishes containing copal or amber, linseed or nut or pol)py seed 
oil, with turpentine as thinner. The (juantity of varnish prepared 
in one op(‘ration was very small, and Tingry recommends that not 
more than 6 oz. of resin should lx‘ incor])orated with oil at any one 
time. Wilson Neil ( J. /^or. A. vol. ii. ]). 49) gave a detailj^d account 
of the actual o]^(‘rati<^n of riielting resin and combining it with 
oil and tur})enti«x\ 1-he quantities of r(‘sin and oil used by him 
in otje operation were still small, viz. 8 lb. resin and 2-3 gallons of 
linseed oil. For detaij[s of the various processes references may 
be made to Mackintosh, Variiish Maierials, vol. ii. p. 118. It 
must be admitted that progress sinc<' Wilson Neil’s publications 
has been slow. The varnish industry has been hampered by 
empiricism, which was largely due to the entire lack of knowledge 
of the propertjes and composition of the component materials. This 
empiri(;ism produced a vast number of trade secrets, which are the 
craftsman’s delight and the bewildermeiit of the student. Great 
confusion often arose bec.ause of inexplicable changes in conditions 
di\e to the employments of new material. TJhe chemistry and 
physics Ti^*i^rnish- making are complex, the media are non-aqueous, 
and the chemical changes reqiiire mo.st careful study, especially 
in’ the jwesence of substances of a colloidal nature in media, which 
j have up to the ptesent 'been only very slightly investigated from 
a colloid point of view. The suptjrfudal properties often seem to 
^ave a remote (le})endence on chemical composition, although 
careful research gradually indicates a (jormection, the establishment 
of which greatly facilitates the technology. i 

^lo hiStorival introduction can be complete without reference 
to the rise and development of the Chinese and Japaqpse lacquer 
industry. In the Far East,, in China and in Japan, lacquer work 
was known from time immepprial. Thougli tradition says that 
it was Imown in Japan as early as the 4th Century b.c., it is supposed 
that the art came originally f#om Chiim» Iij, Japan a State depart- 
meftt for kcquer work existed in 392 a.d., and in the 7th Century' 
lacquered articles were received in payment of taxec, At first* 
its uses were purely utilitarian. Drinl^g vessels were coated with 
lacquer to render them water-tight, and as tl\p surface was as 
hai^d =aa glass and* withstood considerable heat, it was used largely 
for cookmg and oTher household utensils. *The slow* development 
dt thq pcjfcter’s art in Japan is considered* to be due to lacquered 
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vessels •taking the place of glass and earthenware. The Japanese 
warrior^ often wore leather coaU^d with lacquer as armour ; his 
sword was in a lacq tiered scabbai?d ; ho ate off a lacquered tray, 
drapk out of a lacquered eiij), and rode in a lacquered carriage. 
Stewat't Dick, Arts and Crafts of Old Ja'part^, states that the e^liest 
examples of lacquered work preserved date from the 6th and 7th 
Centuries, and by the 10th Century some very fine work had been 
produceck In A.n. 1500, C/hincse ^lethods were introduced into 
fJapan^ and in the l^th Century the period of the great lacquer 
workers set in. The pc^riod of Tokugawa Shogun lyeyasu marked 
tne highest point m excellence. 

The process of lacquering was long and tedious, the number 
of 0}>erations required in the production of a piece of plain orna** 
ment(Kl black lacquer being no fewer than thirty -tlu’ce ; while for 
the production of one of tlui tJiore elaborately ornamental pieces 
the numbpr might reach sixty or more. To quote Stewart Dick 
again ; “ The most wonderful of all the dapagese arts is their lacquer 
work; and, perhaps, in tliis more (jomplctely than in any other 
medium does the peculiar genius of Ja])an find expression. J^ven 
were the same brilliant faculty of design tlm gift of the European, 
the amazing and unfaltering precision of nand and the limitless 
patience and unceasing can' rccpiired by the technical processes, 
place lacquer work far beyond his scope. It is only the Eastern 
who can combine the imagination of the artist with the technical 
powers and steady perseverancjc of the ant or the hee.” To one 
who has seen s])ecimens of the finest work (the glorious lacquer 
of old Jai)an) the words "of the Ercmch critic LouS Gonse appear 
no more than a mere statement of fact : “ Japanese lacquered objects 
are the most perfect works that have e >er issued from the haifds 
of man.” The traditions of tlu; craft wore hereditary, retained 
in certain families. The Komas Vere Court lacquerers for more 
than tw^ hundred years, the first of the family, Koma Kiui, who 
died in 1663, being lacquerer to the ShogiJn lyeflnitsuT Of modern, 
masters the most famous is Zeshin (1807-91 h and his work is worthy 
to rank with his great predecessors. • 

Modern industrial conditions do not admit oP the same patient 
workmanship— months and perhaps years being expended on one 
article. A quidker drying lac is required, and as a cc^secfUence^his 
has neithej the lustre nor the durability of ancient matbrial. A 
memoir by DTncarville, a French Jesuit missionary of the 18th 
Century, contains a full description^^f the mode of collection of the 
lac. Specimens of really fine lacquer are raJcly to be seen outside 
J apan, where they are ^rea^pied in th§ col lections of the wealthy. In 
England there are a few fine private collections, but in the British 
® Museum and at South Kensingtoi^ only a few small pieces are to 
be seen. Possibly the sujiyply of lact^ill be increased because of 
its general protective value, and the artistic work will%»gain become 
popular in the wiestern Worli 




PART I 


•'L<c/ ■ 

:f>T< ■ 

t 0<“> \ '* 

»■'■, iwi'iiC.St< ■' 
?/■ 


THE COMPONENTS OF VARNISHES 


CHAPTER 1 

DKYINO OILS 

The oils which a varnish maker uses show the property of “ drying ” 
in th(i air. The difference between drying and non-drying oils 
can be shown by comparison of the behaviour of petrol, white- 
spirit petroleum, kerosene or paraffin oil, olive, castor, and linseed 
oils. If plates be coated wilh thin films of these liquids and exposed 
to the air for several days, it will be found that the petrol and the 
white spirit hav(^ evap9rated completely ; the keros’bne will have 
partly disappeared, leaWng a considerable aimjjint of greasy 
residue ; olive and castor oils will bo unchanged, but the linseed 
oil coating will hayi become ta(;ky and \^ll finally set to a tough, 
varnish-like film. The petroleum oils contain volatile^^.ftiid non- 
volatile components at the ordinary temperature, just as turpentine 
oil docs, whereas castor and olive oils remain greasy and apparently 
unaltered, but linseed oil becomes viscous «ind sets to a soft, tough 
film. Olive and castor oils are typical noq-drying oils, and their • 
viscosities change only slightly on exposure to » air. * Linseed oil 
is a typical drying oil. The semi-drying oils '\^11 become tack}* 
very slowly, and only on prolonged exposure do they yield flexible 
films. • • • . 

The pr^orty of drying can be accelerated, in the case of drying 
oils, by addition of driers, to which reference will be made in a 
special section. In spite of the vast quantities of linseed and 
other drying oils handled annually, the changes which occur during 
the drying process are not JijJly undeistood. 

The general properties of linseed oil may be conBide|f3d typical 
of the clas| of vegetable drying oils, and a detailed account of its 
properties, with due consic^eration* o4 differences in composition 
and orientation of component atoms, Vill apply to tall the most 
important drying* oils. • 

Linseed oil contt^^s the friglycerides of unhaturated heids of 
the aliphatic series, with eighteen carbon atoms in an open chain. 
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It is of interest to note that no open-chain drying oil of vegetable 
ongin is known containing less than eighteen carbon atoms, 
with the exception of the glyceride of isanicucid (Ci4H2oO§). The 
majority are open-chain compounds, with the exception of the 
oils from chaulmoogra {ind hydnocar^jus seeds. ^ * 

' CH CHg 

Hc ch(ch2)i2COOii hc — c(ch2)i2COOh. 


Chaulmoogric acids, CigHggOg. 


As glycerides the drying oils are saponifiable in contra- 
distinction to mineral oils, whicli are unsaponifiable. They may 
be termed fixed oils in that they cannot be volatjhsed under 
atmospheric pressure without decomposition. The drying oils of 
animal origin, e.g. menhaden and Japanese fish-oil, cbntain the 
triglyceride of clupanbdonic aeid,*^ C22H34O2, whilst the liver oils 
of certain members of the shark and dog-fish families contain 
^inJicene,^ (^291^481 ^ highly unsaturated hydrocarbon, w^hich 
Tsujimoto ^ regards aj# identical with squalene, Ogollgy, present in 
the oil obtained from the livers of two Japanese sharks, Ai-Zamo 
and Heratsuno-Zame {vide fish oils).* These hydrocarbons are 
unsaponifiable, and when exposed to ^ir form hard skins similar 
to those given by linseed oil. Spinacene forms a dodecabromide 
C28H4gBri2. • 

A characteristic difference between animal and vegetable oils, 
including drying oils, is that the former contain cholestrol, C27H45OH, 
piobably a terpene of the^ formula,^ 

(CH3)2 : CH • CHg • OH 2 • CiyHgeCH : CHg 

(JH2CH(0H)CHa, , 

• which is a component* of the well-knowm lanolin, whereas the 
phytosterol^ (sitosterol), C27H4QO, are found in all fats and oils of^ 
vegetable origin. The jpecognition and properties of these com- 
ponents is a matter of ioi^rtance which will be referred to under 
the^s^ctiop on the examination of drying oils. 


LIU SEED OIL 

OJenuine linseed oil contains essentially the triglycerides of 
linolenic, linolic, an^ oleic ftfids, which are present as mixed 
glycerides of slightly variaWo comp(jsition, depending on the 
source of ^origin and on the maturity of th!? seed from which the 
oil is expressed. The general formula of the glycerides may be« 
. VOL ^ 

represented hy the scheme — OL^, where L, Lj, and 01 are the 

. .. ; 

, * Squalene contains six double linkages, and gives with hydrochloric acid 

a hexahydfochloride. 
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acid radicles of linolenic, linolic and oleic #.cids respectively, and 
whose amounts are variable within small limits depending on th[5 
age of ^eed containilig the oil. JThe amounts of the radicles of 
jfaturated glycerides are comparatively small, but their presence 
in Iii\peed oil is of importahce in connection with the sparing 
solubilities of their lead salts in oils and in varnish thinners. • 
Fahrion ® considers linseed oil to contain the following acids 
as glycerines : ^ 

* Per cent. 


LinoleAic acids . . . 38 

lAiolic acid . . .30 

Oleic acid . . . * . 15-20 

Saturated fatty acids . . 8- 6 

Unsapoiiifiablc matter . . 0-0 


• OH 

CnH.jCO • OH 
C,7H,,C0 • OH 

CitH^^COOH and*Ci6H„iCOOH 
(steanc) (palmitic) 


Friend,* after summarising the evidence to ' date, states the 
percentage^ composition of linseed oil to lx; as follows : ® 



* Pur 

Pp,r rent. 

Saturated organic acids 

l(f 

10 

Oleic acid 

5 

5 

Linolic atjid 

. • 48*3 

59-1 

Linolenic acids 

321 

21-3 

Glyceryl radicle 

4‘() 

4-6 


In view of the importance of the i)resence of saturated glycerides, 
which do not dry and produce sparingly soluble soaps, a few details 
of their identification and estimation are advisable. * 

I Halhu*,® by tlu; alcolK^ysis of linseed oils from various sources, 
^separated by fractional distillation the methyl esters of stearic and 
palmitic acids, witlj traces of arachidic*. aciid. Morrell^® found that 
when linseed oil is heated with lead oxide the solid whic)? . separates 
(drying oil bottoms), especially when the oil is thinned with tur- 
pentine or w^hite spirit, contained stearic and palmitic acids. The 
yield of 'the lead salts was 8-2 per cent of the (falcutta oil taken, 
which corresponds to (y pt^r cent saturated afids. The composition * 
of the mixed acids was summarised as follows k Stearic acid 64 
per cent, palmitic acid 20 per cent, eutectic i^ixture of stearic* 
and palmitic acids 8 j3er cent; oleic acid, 4 per cent ; total, 96*4 
per cent. The lead salts contained no arachidic acid ^02oH4o02).„ 

The most important components di linseed oil are the glycerides 
of linolenic? acid (C^aHaoOg) and linolic acid (OfigHgoOg). Before 
giving a brief account of the ])roperties of the acids it will be 
advisable to describe several memfWcrs of ^he unsaturated acid 
series so as to obtain some ^ea of the functions of doubly linked 
carbon atoms in the %pen chain arrangement on which the con- 
* stitutional formulae are based. 

.Oleic Acid Seeies, *CmH340^ - 

Ordinary .oleic f^cid, A^dO octodecylenic* acid (Clf 3 (CH 2)7 
CH=CH{CS[ 2 ) 700 QH), ^ with’ its stereoisomer elaidic acid 
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/ CH3(CH2)7 CHx . 

n II I, arc the best known members of this cl^-ss. 

\G00H(CH2)7CH/ t 

Five acids of the formula CjgH340o have bt^cn obtained from 
natural fats, and it is evident that the number of isomers ’^ill bo 
large as the position of the double linkage is changed. Two 
varieties may be mentioned, viz. iso-oleie acid (CH3((^H2)6CH-= 
CH(CHa)8COOH), m.p. 44^-45° (3.. and pctros(4enic acid (CH2(CH2)io 
(^H = (!H((3Ha)4VO()H) obtained from parsle^ seeds, m.p. C., 
and yielding an elaidic acid, m.p. 54° C. No member of the oleic 
acid series has been synthesised, although the feport of the Fo(^ 
Investigation Board, 1920, describes attempts that are being made 
to synthesise A 9-10 oetodceyleni(5 and A 10-11 octodecylenic acid 
(isoleic acid). No doubt the s^mthesis will be accomplished and the 
constitutional formuhe of t]w acids established ; at }Fesent they 
rest on the results of investigations on their dec^om position products. 
The investigations of Baruch on the decompositions of the oxims 
obtained from s^earolfc acid, and of Harries and Erdmann and 
Bedford on the decomposition of the ozonidcis, have met with 
success, although the constitutional formulcB set forward have been 
challenged as not explafning all the properties of the acids, especially 
in the case of the more- unsaturated momb(‘rs of the open-chain 
series. 

Oleic Acid, 9, 10, or 0i Oleic Acid. CH 3 tCH 2 ),CH - CH(CH 2 ) 7 COOH. 

—This acid is of interest to the varnish maker as a minor component 
of linseed oil lind because of the propei'ties of somc^ of its metallic 
salts. In its pure form it is best i)repaiwl from tallow which does 
not contain any less saturated acids. The fat Ls saponilied by 
Cifustic alkali and the le^id salt precipitated bj^ lead acetate and 
extracted ^ith ether. The solution of lead oleate in (‘-ther is de- 
composed by hydrochloric acid, .and after removal of the ether the 
ofeie acid is purified by neutralising with ammonia and precipitated 
^as the barimm salt by# barium chloride. Barium oleafe is re- 
crystallised from alcohgl,and the acid obtained by decomposing the 
salt with tartari{;«or a mineral acid. The okuc acid thus obtained 
^till contains solii acids, and it has been suggested that the ICl 
compound should be })repared and se})arated from the saturated 
acids by«an <)rganic solvent from which the purified compound 
can be decomposed by aniliife and the ])ure acid obtained. Oleic 
acid melts at C., and is probably dimorphoife. On dis- 

tillation at the ordinary pressure it is decomposed into water, 
carbon dioxide, aceticjacid, caf)l*ylic (CgHjeOg) and caproic (CgHigOg) 
acids, sebacic acid (CioHigO|) and l^drocarbons, but it can be 
distilled unchanged in superheated steam af 250° C., which is the 
commercial method of obtaining oleic acid from fat^ It is in-#, 
soluble in water, soluble in al^oKbl, and on exposure to an* it becomes 
rancid, givii% ocnanthaldeRyde (C7HJJO), formic, acetic, butyric 
and conanthic acids (C7HJ4O2), whici are also thh products of the 
fancidify of olive bil. Oxidation b;^ alkaline permanganate gave 
So pe? e^t dihydroxystearic acid (C|7H88(OH)2C0OH)„16 per cent 
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pelargonic acid (CgHjgOa), and 16 per cent d5calic acid. If enougl^ 
alkali be present to neutralise only the oleic acid used, kcto- 
hydroxj^tearic acid af well as dihy^lroxystearic acid is obtained. 

• ^he absorption of ozone ^ by unsaturated acids is of great 
imporkftnce in elucidating their structural fornmlae. Harries and 
Molinari obtainedanozonideOHa — (CHg);-— ('H— CH(CH 2 ) 7 COOH, 

• • , 0 — 0 — 

which is a yellow oil easily soluble in benzol a»d chloroform. 
Harries' maintains that under certain conditions perozonides 
anfl 0i8lf34O7) .can also be obtained. The ozonide is 
decomposed by water to give nonyl-aldehyde, nonylic acid, the 
semialdehyde of azelaic acid, and azelaic acid. 


% 0 

CHa(CH2)7CHO )CH(CH2)7COOH HOOC(CH2)7COOH 

J'fnnyl-iikleliydc. Semialdeliydc of azolalc acid, • Azelaic acid. 

• 

Glacial acetic acid will also cause the same decomposition, ^but 
if an alkali be ])resent the aldehydes are oj^dised to acids by the 
sodium peroxide formed. The ozonides are saturated substances 
which do not d('colorise bromin(‘, but they are oxidising agents and 
liberate iodine from potassium iodide. The position of the double 
linkage in the okne acid mole«ule, demonstrated by the decomposition 
of the ozonide, has been confirmed in another way by Bajuch (loc. cit,), 
who transformed ol(u(; ^acid into dibromostearic acid, whic5h on 
treatment with alcoholic ^lotash gave stearolic acid CH 3 (CH 2 ) 7 C 
= (j(CH 2 ) 7 COOH, and on treatment with concentrated sulphuric 
acid gave ketostearyi acid CJH 3 (CH 2 ) 7 CX) -GH 2 (CH 2 ) 7 COOH. Ketd- 
steari(; acid forms with hydroxylamine two stereo-isometic oxims, 
which are decomiiosed by sulptiuric and hydrochloric acids 
successively according to the following scheme : — 


CH3(CHj) 7CJ— CHa(CH2)7COOTr CHa{Cii8)7C— CH H8),( COH 

I and I • 

HO-N I NQHI 


CH3(CH8),NHC0 • €H2(CH,)7C00H. CH3(CHs),CO • NHaH(C«*)7COOH 


octylamlnt; 

and 


by cone. HCl. ^ 


4 


CH3(CH3),C00H 
^ Tionylic acid 

and 


C00H (CH3)8C0^H * NHjtCHahCOOii 

sebacic add. amlno-nonyUc add. 

Therefore the double lii^kage in Mje chain lies between the 
C, 9 and 0, 10 atojns. ^ 

Just as oleic acid unites mth two atoms ofj bromine ^ give 
dibromostearic? acid, so it can be made to unite with two atoms of 
hydrogen to*give solid sjiearic^cid, using a nickel catalyst by the 
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well-known Sabatier’«^ process or at the ordinary temperature by 
Colloid platinum as catalyst. Oleic acid dissolves in concentrated 
sulphuric acid to give ('i«H 35 (IJS 04 ) 02 , whiCh on treatment with 

boiling water gives hydroxystearic acid Ci 7 H 34 ^ ^ together 

with an anhydride of that acid. 

Fusion with solid potash ^yields palmitic ai;id, as in the case 
of elaidic acid* which is the product of the action of nitrous acid 
and is the isomer of oleic acid. 

Th(^ olcatcvs of interest to the varnish make? are ( 1 ) lead olea^e, 
m.p. 45°-5()'',C., soluble in ether, but not so completely as to allow 
of sejjaration fnuri saturated acids ; it is soluble in petroleum 
other and does not occur in varnish bottoms. Lead oleate may 
also be used as a drying catalyst in oil varnishes. (2 )p Aluminium 
oleate is gelatinous, sparingly soluble in ether, i>(.^troleum ether 
and benzine, and is ysed as an oil thickener. It is insoluble in 
alcohol. (3) Barium oleate is insoluble in water, but soluble in 
a mixture of benzol and alcohol containing 5 per cent of 95 per 
cenE alcohol, from which it can be crystallised on cooling the 
solution.^® * 

Elaidic Acid. — The action of nitrous acid on oleic acid yields a 
stereoisomeric crystalline modification of the formula — 

II 

CDOH • (CH2)7C5#.- 

Elaidic acid crystallises in plates melting at 44*5® C. and can 
1^ distilled under reduccApressure (b.p. 234*^ (k 1 j mm.). In chemical 
properties^ it closely resembles oleic acid ; on reduction it yields 
stearic acid ; on oxidation the -products are dihydroxystearic acid 
Ci 8 H 3402 ( 0 H )2 (m.p. 99 "" 0.) 33 per cent, pelargonic acidJCgHigOg 
nonylic acid] 13-^ 4 pei'»cent, azelaic acid 26 per cent, and oxalic 
acid 15-20 J 3 er cent. •The action ofc fused caustic potash and of 
concentrated su^jhuric acid are similar to those observed with 
oleic acid. The barium, lead, and silver salts are sparingly soluble 
in ether. . 

The fiction of nitrous acid on unsaturated f&tty open -chain 
acids ifiT restricted to the leSs unsaturated members, and acids of 
the linolic' and liifblenic series do not yield modifications. 

LiifoLic Acin Seeies, GigHjgOg 

There»are a number of acids having the formula C 18 H 32 O 2 which 
contain two doubly linked pairs of carbon atoms a^d one acid* 
containing a triply linked# pair of ^rbon atoms (tariric acid,* 
CH 3 (CH 2 )io(f= C(CH 2 ) 4 COCfH.^^* The two most iniportant members 

^ Tariric aoid i# obtaincMl from the%il of the seeds of^the Guatemala^ 

' Tariri.’V It absorbs four atoms of bromine and yields* stoario acid on 
reduction.. 
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ire linolic acid and elseostearic acid, which ^ccur as glycerides ii\ 
3 ertain oil seeds. Ricinoleic (C^gHg^Os) ricinelaidic acids are 
transformable into solid modificatiiins of an acid 

Iilnollc Acids. — The glycepde of linolic acid occurs in con- 
sideraWc proportion in drying and semi-drying oils, and is ijjost 
rt'adily obtained from poppy seed, Soya bean, maize, cotton seed 
ind sesame oils by brominating the mixed fatty acids, purifying 
the tetrahromide by^ rccrystallising, frf)m })etroleum ether and 
reducing it with zinc and hydrochloric acid in methyl alcohol 
solution. The methyl csttT of linolic acid is saponified in the cold 
with alcoholic caustic potash and the acid liberated by dilute 
hiydrocldoric acid. The glycieridt; of linolic acid is present also in 
1 large numb(u* of non-drying oils and fats ; cf. lard, horse fat, etc. 

Linolic acid is a li(piid with a specilic gravity 0-9026 at IH'^ C., 
b.] 3 . 229°-23^'^ 0. at 16 mm. It is soluble in alcohol and in ether. 

With ni,trous acid it yields jio solid isomeride. Linolic acid 
absorbs oxygem as a thin film and is coijvert('d within a few 
[lays into a solid r(‘sinous substance, passing to»a neutral body 
(a linoxyn), which is insoluble in ether. The tetrabromide, 
m.p. 114'^-! 15° C^., is obtained in two ff^rms, one soluble* in 
petroleum ether and the other insoluble in that liquid. Rollett 
obtained a 50 per cent yield of solid tetrabromide and 50 per cent 
of the fluid variety, which furnished on leducition an acid yielding 
a crystalline tetrabromide t (m.p. 113°-114° C.), but only to the 
extent of 26 per (jent of the calculated yield. concluded 
that two isomeric brony)-aeids were formed in the bromination. 
On the other hand, Bedford maintained the existence of two 
isomeric linolic acids. 

Oxidation by pc^fassium permanganate yields sativic acid (tetra* 
liydroxystearic acid, CigHg^Og). >> 

Rollett ijjoc, c/it.) obtained a 40 per cent yield of a tetrahydroxy- 
acid (m.p^ 155° C.) w^hich on boiling with benzene and recrystallisa- 
bion from alcohol gave an acid (m.p. 171°-173° C.).* He* maintained 
that two isomeric hydroxy-acids are produced in the oxidation. 

The constitutional formula is put forward as • 

CH3(CH,)4GH - CHCHgCH = 

• > ^ 

Linolic acid is easily reduced by hydrogen and a nickel catalyst 
bo stearic amd. The calcium, barium, /inc, coppbr, and lead salts 
are soluble in ether ; barium linoleate is soluble in benzene and 
light petrol(um (cf. barium oleate). *The me^yl ester is a liquid 
(b.p. 211°-212° C. at 16.miij.^ s.g. 1^° C., 0-886), and is obtained 
from the tetrabromide* by reduction with zinc and hydrochloric 
bicid in metl^d alcohol solution. 

Elseostearlc AcW, CH3(CH:^,CH = (!H(€Hj)2CH = CH(CH2),COOH, 
dcK'S not occur in linseed oil, but it*can be obtaAed in two 
storeoisomeric forms (m.p. 48° and 71° C.) front tung oil. Both 
modifications give a tetrabromo acid (m.p. 114°-1.15° C.) wtich is 
not identical«with the tef^pabroMio acid from linolic acid.*® 
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JjINOLENIC acid KERIES, 

Linolenic Acid. — This acid was first prepared by Hazura^® ,from 
the crystalline hexabr^imido (m.p. ^77° C^) obtained fromjinseed 
oil.^ By reduction of the hexabromide with zinc and hydrochloric 
acid Hehncr and Mitchell,-^ obtained a nearly colourless oil (s.g. 
0*9228, C.). It may also jbe prepared by boiling* the hexa- 

bromide with zinc and alcohol, or by reduction of the ethyl ester 
of hexabromolinolenic acid and saponification of the resulting ethyl 
ester. The acid boils at 157”-158° C. (0*(K>1 rnnf.) (Bedford) withftut 
decomposition, or at 230°-232° C. (17 mm.)/*^^ 

As to the* existence of a- and /i-linolenic acids the evidence is not 
conclusive, although there is a tendency to accept their presencie 
in linseed oil. The physical properties of the two atids are not 
sufficiently differentiated as in the case of oleic and elaidic acids. 
(Controversy between Erdmann, Bedford, and Rollett is due to the 
fact that linoleiyc acill from linseed oil yields only 25 per cent of 
hexabromo acid on rebromination and 77 ])eT- cent of a tetrabromide 
of ^-linolenic acid. Rollett maintains that the tetrabromide of 
/^-linolenic acid is unsflturated and yiidds a hexabromide on further 
treatment with bromine. On bromination of linolenic acid four 
broino-addition products could be obtained, and if one only be 
crystalline then the 25 per c(*nt yield accounted for. Erdmann, 
Bedford, and Raspe state that two ozonides are obtainable from 
linolenic acid, produced by the reduction, of the crystalline hexa- 
bromide, which are differentiated by theh velocity of decomposition 
with water. 

• Linolenic acid is a, colourless liquid soluble in ten parts of 
light pettpleum, absorbs oxygen readily, and manifests a tendency 
to- polymerisation, although definite proof of this is not forthcoming. 
The methyl and ethyl esters boil at 207° 0. (14 mm.) and 1-32° C. 
(0*001 mrm) resipectiv^^ly. The melting-point of linolenic acid 
hexabromide is 177°- ^82° C. (185° C., (Joffey), and the melting-point 
of its ethyrester^s 151° C. Iodine and bromine trichlorides react to 
► give trichlorotrijpdo, CigHgoOglsClg, and tribromotriiodostearic acids, 
OigHgoOJjjBrg respectively (m.}). 146° C. aqd m.p. 124°-126° C.). 
Combinujbioi^ with hydrogen to give stearic acid is brought about 
by a nickel catalyst to gi\^ a quantitative yield of stearic acid 
(Erdmann and Bedford). The ozonides on decomposition udth 
water give propionic aldehyde, malonic acid, and the aldehydes of 
malonic and azelaic |cids, and it is on these decomposition products 
that the constitutional formiila of lin^ljnic acid is based.^^ 

CHa ’ CHa • CH = CH • CHg • CH - CH • CH2*GH = CH(CH2)7C00H.4 

By oxidation with potassium permanganate Hazura obtained 
tvfp hexahjtirostearic acids, linusic and isolmusip, which fact does 
hot support the ^stence of the a- %nd /5/-acii|, because either form 
6f the sc^called a- and /^-linolenic acids yields linusic and isolinusio 
acids on^oxidatfon ^Rollett). 
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The basic zinc salt* | OigHaoOgLZn + JZhO (rn.p. 72°-73° C.) 
used byJErdmann for the preparation of a pure acid from linseed 
oil acids by fractional crystallisatiiori from alcohol has been found 
by Coffey to be unsatisfactory, as it does not effect separation 
from Ikiolic acid. 

The l(‘ad and barium salts of linolenic acid are easily soluble 
in ether. Like linolic acid, no isomcride is obtained on treatment 
with nitrmis acid. 


Oxidation of Linseed Oil 


From tlie general properties as indicated by the constitutional 
formuljc of the component glycerides it is presumed that oxidation 
will proceed in stages, wher(‘by a moUicule of oxygen becomes 
attached ulieiH^ there .is a double linkage. The absorption is 
gradual, apd depends on the conditions of temperature and of 

0-0 


illumination. Peroxides of the ty|x^ C — (■ are formed primarily 

11 » ‘ 


from linolenic and linolic acids, so that in linoleum there are 
glycerides of diperoxy linolenic and peroxylinolic acids. A similar 
addition of oxygen may be illustrated in the oxidation of 
dimethylful vene.®" 


I 




+ 20j- 


0 

/ I \ 

ClV \ /\ , 
I! 0, 

OH 

CH 


^2 

^\'l / 


\ 


CH3 

CH3' , 


Which of the double linkages absorbs oxygen first is not definitely 
Itnown. • In China wood oil the double linkage pearest the COOH 
group is jirobablc, although Ingle states that the doubly linked ’ 
carbon atoms in proximity to the COOH groups may be prevented 
from absorbing halogens from a strongly acid solution. 

A complete examination of the oxidation stages of drying oils 
is much wanted. If the glyceride of fS- elyeostearic acid were 
made th(‘ starting-point it would he possible to follow the .different 
stages satisfactorily. The glyceride is a monomolecular crystalline 
substance, which is oxidised with gretrt; rapidity. On exposure to 
air it yielded a substance, ((igH 3 i 04 , OglsCgHg, which could be heated 
to 230° C. without melting. ^ It is a, peroxide, yielding hydrogen 
peroxide when boiled .with water with the formation o^ a yellow 
substance of spongy texture, and liberating iodine from potassium 
iodide and dilute acetic acid. The> action of water may be repre- 
sented by the scheme : ’ . 




— CH 


•I 


-”-CH '' 

= I ^o+hA» 

— ch/ 
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The oxidation of (krying oils in air is a case of autoxidation ; 
a term which is applied to processes of combustion in oxjgen or 
air which take place at the ordinary ternf^erature and ^proceed 
; with slow but measurable velocity ipid(‘r these conditions. Well- 
known cases are found’ in the combustion of phosphorus, tin the 
oxidation of certain liquids, e.g. iKUizaldehyde, turpentine, in the 
conversion of sulpliites of sodium and zinc into sul]diates, and in 
the corrosion or rusting of myiinyfdnctals, e.g. zinc and iran.^ The 
change's occuriihig subsequent to the formation of peroxides may 
be numerous, and have been the subject of discussion by many 
investigators. In addition to oxida-tion, polymerisation may occur. 

Fahrion suggests a linkages up of the molecules through the 
remaining unsaturated carbon atoms. 

0 -CH— GX-CY-CH. 

I I I I I >0.. 

O -OH OX- OY- -(!H/ 

Ingle considers tfiat i>olymerisation during oxidation rests on 
insufficient evidence. The recent work by Stobbe and Dunhaupt 
on cyclopentadiene, ^which is transformed on oxidation into 
diperoxide dimeride, supports the polymerisation view. 

CH—CH . O • CH CH— CH— CH . 

II \ I I J I \ >02. 

CH-.CH.-CH ' O-OHCHjYJH— CH-CH j’GH/ 

Such polymerisation is slower than the oxidation. The witer 
has shown in the case of oxidised Ghina wood oil that polymerisation 
subsequent to oxidation actually occurs.^® 

‘ Wolff maintains that in the case of oil vapiishes on exposure 
to light oh short wave-length oxidation and polyuKuisation proceed 
at -nearly equal rates, whereas in light of long w^ave-lengths poly- 
merisation is retarded more than oxidation, with the result that 
inequality of the buter and inner layer.s occurs with the production 
of rivelled ^films. Polymerisation is of great importance in the 
consideration of ‘idur ability and water-resisting power of oil films. 
The table on following page shows the percentage of ether-insolublp 
linoxyn obtained from several varieties of drying oils. It is evident 
that- the ilnoxyn produced from polymerised oil is gteater in amount' 
and the film is more w^ater-resisting than that obtained from 
ordinary linseed (fil. There, is evidence of differences fcetween the . 
action of lead and manganese as driers which will be referred to 
under that section, t* *■ * • 

H. Wolff ^ has found thaSl the interior ^d exterior layers of a 
compact block, formed by soaking thin tissue paper in linseed oil , 
and pressing together and allowing to dry, when exa^iined show*^ ^ 
nearly equal iodine values,' although(,the poportion of oxidised 
fatty ,acids ^n the outer layers was considera])ly higher. The 
phenomenon is probably due to ra^id oxidation of the oil on the 
outer iaj^rs simultaneously with strong polymerisation in, Jhe 
iimer layers. More prolonged drying ^minishes the 
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TABLE I 

WATEE-ft.BSORPTION OP JURYING OlL FtLMS AFTER TREATMENT WITH 

Light Petroleum and MItthylated Ether 


^ • 

• 

Time of 
Air 

Drying. 

Treatment 
with Light 
Petroleum. 

3 days. 

Treatment 
with Light 
Petroleum. 

6 days. 

, fl’C 

tfl M 

et 

Per cent. 
Linoxyn. 

- Water-imraerslon. 

Per cent gain. 

» 

i flay. 

2 

days. 

days. 

8 

days. 

• ♦ 

Linseed oil 

]^b and Mn pn'sent 

lf>9 days 

loss. 
3-8 . 

• 

unchanged 

% loss. 
3i'>-3 

00 -9 

23-8 

tilni 

whitf! 

• 

29 0 
111m 
white 

33-5 

dim 

wldte 

.52*9 

dim 

wWto 

LlTH(‘ed oil 

Pb and Mu present 

39 days 



(M) 

G2-4 

39*.'') 
37 0 


3 days 

21 -el 

32-5/ 

[llm wh 

Ite 

Llthograpliic. oil 

Pb ttn<l Mu present 

39 days 



•10 7 

59 3 


3-4 lllm^hite ' 

Lltbograpbic oil 

Mn present 

39 days 



' 40-4 

.53 .5 


^15*2 film milky 

Linseed oil 

Pb and Mn present 

12 hrs. 


1 

()8'8 

31 -2 

IH-O 

lilm 

cloudy 

T) days 

23 dim white 


between the layers. There is evidence in the specific action of 
certain metals in the drying process wliich favours promotion of 
a similar polymerising aefeon or of chang(‘S indicated by Rochs in 
his formula) for the oxidation products of drying! oils. Stransky 
puts forward the oxidation process as occurring in two stages : 
0) oxidation ; (2) coagulation of oxidised oil from the fluid to 
the solid ‘form. Coagulation and polymerisation are related, and 
to produce the complete solidification of the fiim prgmoters and 
catalysts are essential. This view will be referred to later*in the 
discussion on the action of metallic driers. ^ • 

It has been suggested that the primary peroxide^ may react 
with molecules of unoxidised oil to give oxides A 02 + A = 2A0 or 
AO2 + B = AO + BCl (where B is another drying oil ; e.g. the glyceride 
of linolic acid). Bokin^^ considers that the primary ptodiftt of 
RCH— CHR . 

the oxidation is an oxide \/ , whereas Orloff*® suggests 

• O • 

that linolenic and linolic glycerides yield on oxidation respectively 


CHg • CH2 • OH-CH • CH2 • CH— CH • CH2 • CH— CH(CH 2 ) 7 COOR 

, 0 ’ 0, 0 

and CHstiH, • CH— CH • CH, • CH-CH(CH.),oCOOR. 

\/ • \/' 

'0 ^0 

These fomvflae do not account for the presence of unsaturated 
oaibon atoms* in liuoxyn, ^ince glycerides of diperoxylinolenic acid 
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are stated to be pnvsc^tit in linoleum.'*^ The triperoxylinolic glyceride 
has not be(‘n identified, althouglrit may represent the ai^tocatalyst 
formed d‘uring th(‘ oxidation of linseed oil iif the absence of catalyst 
(driers), and it won Id ajipear as if tlie diperoxylinolenic acid glyceride 
were the maximum grade of ^ixidation which can be identified 
among the oxid^^tion pj*oduets‘of linseed oil * The evidence of the 
formation of ]ier‘oxides is generally admitted, as well as tlu'ir presence 
in linoxyn, M'hicli must be considered as a complex"' of oxidised 
mixed glycerides. With r(;gard to the siibseqiu'nt changes in 
linoxyn thi're is no (‘onsensus of agreement. , Ttie possibilities, are 
very niany, comprising acids, aldehydo acids, substances with a 
definite acetyl value and volatile products.'*^ . 


A02,+ A=^2A0. 


0 -CH— (^\ (!Y_CH— 0 

1 I I I I 

0 CH-CX CY- CH— 0. 


The last change is very jirobable, and is shown markedly in the 
oxidation of'‘(!hina wood oil. Jt probably occurs side by side 
with the formation of an oxide of the tyjie AO. Which of the 
tw^o changes occurs depends on the conditions of the oxidation and 
on the nature of the promotiT (drier). 

JSalway suggests that linoxyn consists of olein and polymerised 
aldehydes derived from the decohijiosition of oxidised linolin and 
linolenin (glyceride of linoU'nic acid), and presumes for linolenic acid 
the constitutional formula of a derivativt^ of h(‘xatriene to a(;count 
for the preseiK^e of acrolein and oxides of carbon among the volatile 
oxidation products of the oil. 


CH8(CH2)3— CH = CH— CTT = CH— CH = CH • {CEz)^C 00 a{i\U ,) : linolenin. 

CHg(C'H2)3 •V;’!! :-CH — CH = CJT — CH CH • (OH 2)700003115 : diperoxide of 

linolenin. 


t J *'1 

* 04-0 




04-0 


^ CHOCH:-CHOHO 

acrolein | 

(CHj ; OH • CH0)n OHOOH:^CH • COgH /CH0\ 
*vadCO I \^CHoj 

, (OH8S.CH'OHO)„ + 002. 


De Waele (loc. cit.) considers that linoxyn consist? of peroxides 
with polymerised aidehydo^glycerides. 

The constitutional formula of linolenin rests on the work of 
Raspe and Erdmann, and Salway’s suggestion requires rearrange- 
ment of the double linkage)? during' t?ie p;pcess of oxidation. The 
writer favours the oxide-formation-with-polymerisation proceeding 
simultaneously with the decomposition of the peroxides into 
simpler substances of an acidic and ^idehydo character.^ 

In oi’der to obtain more information on the; secondary changes 
it is, . advisablct to consider the ^-change in weight when linseed 

* See page 33 . 
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oil absorbs oxygen. If a layer yf linseed oil, 0-1 -0-2 gram per 
JOO sq. eitts.j be spread^ on glass, the inaximiiin gain in ^^eight at 
the ordinary temperature is 19 percent of the weight of the oil 
taken. Lip})ert^” states that witl^ a normal linseed oil the film 
must b(*dry at the attainment of its maximum , weight. If the 
film be wrinkled or if drop-like aggregates be visibk^, impurities 
are present, line to adulteration with rosin or foreign seed. If the 
experiment be eanied out in an atmosphere of dry air, the time 
for’ attai;im(‘nt of the maximum weight will be rt^duced. The 
rate^>f absorption de^wnds on the temperature, atmospherie con- 
ditions, and on the ])res(mee of catalysts. It is slower in a moist 
atmosphere than in a*dry. The absorption is accompanied by a 
decomposition due to the degi’adation of th(‘ yreroxidc's previously 
referred to. The decomposition products comprist^ volatile sub- 
stances ; e.g. carbon dioxide, water, foi*mic and acetic aftids, acrylic 
acid,^^* acrolein, (■ 3 H 4 O, and butyric acid.'"’^ (^rbon 

monoxide has Ikhui stated to be presrmt by some investigators.^® 
Klein criti(M*s(vs the expei-inumtal work, although Kin^^^ maintains 
its presence. It may be ’considered that if carbon monoxide be 
formed it is only in quantities insuftipent to have any toxic action, 
whereas the aldehydr^ vapours arc bactericidal. Experience at 
linoleum works in the oxidising ^sheds has sho\Mi that the vapours 
evolved during the oxidation of •linseed oil have no toxic effects 
on the workmen 

Moisture and soluble ferments cause hydrolysis, and the free 
fatty acids producc'd arc oxidised in thti air, yielding decomposition 
products, some acidic, some aldehydic (cf. the odour of valerianic 
aldehyde from (jhina wood oil). In rancid cotton oil 0-6 per cent 
free and 9*8 per c(‘nt combin(‘d azelai’c; acid have been found 
Ilamadity of oils is also the result of an oxidation process with the 
production of volatile aldehyde substances. , * 

I'he quantitative relations between increase in weight of film, 
volume of oxygem absorbed and time, as well as the influence of 
moisture, have been investigated by a number of workers, for 
whose results see $'riend (Chemistry of Linseed Oil, ji. 46). The 
relationships are shown in Fig. 1. • • 

According to Lippert, at the point C the oil is dr^, an(J setting 
occurs between B and C. The position of C, as to gain in weight, 
varies from 13b per cent to 25-6 per cent (Wilson gind Heaven show 
18 per cent). The point 0 represents the point of equilibrium at 
which the gain weight is approxinmtely equal to the loss in 
weight duo to escaping vapours and gases. Any factor assisting 
or retarding the removal oj the Oxidation products will propor^onally 
Ic^er or raise the position of the point C.®® The graph in Fig. 2 
shows that th# weight of oxygen absorbed is much greater than the 
gain in weight on oxidation. # * , 

Genthe (he. eit.f found that linseed oil could lybsorb 22*6 per 
cent of oxygen, jn Uviol light 25^ per cent, whilst* at 95° C. 26*8 
per cent (in air) and 34-7 per cent .(in oxygen). 

The following Table show|>,the changes in weight, density^ %nd 
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volume, when thin films of linseed oil are Ipread on. glass and 
allowed to oxidise at the 15° C. :• 


• 

Per ei'iit 
lu crease 
in Weight. 

Density 

Uensity 
at 10 M*. 

Ceefflpient 

i)t 

Kxpansion, 
► 0"-ir)" (’. 

Per cent 
Increase 
in Volume 
at 1,^)" (;. 

• 

Kaw oil .... 


0*94208 

0*93179 

0*00074 


Raw oil liquid . 

2-08 

0*95906 

0*94850 

0*00074 

0*28 

Rq^w oil 'liquid . • 

Thick frothy liquid . 

5 -8:1 

0*98736 

0*97696 

0*00074 

0*87 

»•()« 

1*01161 

1*00123 

0*0069 

2*06 

'J’acky . . . 

14-U 


1*0424 


2*0 

Just set . . . • . 

17.14 


1 *0582 


3*3 

Solid linoxyn . 

17*90 


1 *0656 


3*1 

,, ,, at max. weight 

Three months old 

18*57 


1 *0902 


1*4 

10*3 


1*1054 

• 

■ 7*0 


t 



FiQ^ 3. — ^Percpiitage alteration In weiglit of oils at iooin temperature. (Friend.) 

• • 


Under the particular conditions of the experimoints the raw oil 
on setting at 15° C. expanded by 3*3 per cent and then slowly 
contracted. •The maximum apparent increase in weight was 
18 57 X)er cent, but the increase in volume reached its maximum 
at the setting point. Whether any sudden contraction or expansion 
occurs at tlie time of setting i%unknown. 

Sabin found that la tilhi of raw oil gave linoxyn o^ density 
11-098 (assuming the density of the original oil to have been 0-9332) 
with a total gain in weight 2 pdr cent, so that the shrinkage 
,must have been 13-4 per centf ^ 

Any factor assisting in the (jpeomposition of yie oil lowers the 
maximum of the increq,se in weight and reduces th^ expansion. 
Sabin (loc. cit.)*md Gardner®® found that linseed oil, when 
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mixed with chemically inert powders such aJk barytes and silica, 
exhibits a smaller increase in weight on setting, so that the powders 
assist catalytically in tlfe decomposition of the peroxide compounds. 

It is advisable to refer again to the view as to the fate of the 
peroxidtks. The transformation «f AOg + A into 2 AO proceeds 

—X JLxo 

simultaneously with ^ where the iiioleculc is 

• 

disrupted with the formation of volatile products, loss in weight, 
and^lossun body and lustrt*. It wall be evident how Such a factor 
as polymerisation or \he use of “ stand oil ” will retard the loss 
in weight and loss f4 bistre, and how ciatain drit'rs will favour 
tile eours(‘. of the change in oru' of the two directions. It would 
bo of interest if niort^ figures were available for the changes in 
weight and dcuisity when polymeris(^d oils (in the presence of a 
small ([uantity of catalyst) an' (‘xposed until the setting and drying 
points arc reached.''-^ * 

Tig. 3 shows the percentage gain in weight (appaijmt) of drying 
oils at room temperature*, and Figs. 4, 5, and 6 show the influence 
of temperature on the j>(‘rc,(‘ntag(‘ gain in weight. 

Fokin found that the rate o^ setting of linseed oil followed 
Spring’s rule in that it was doubled for every 10° C. rise in tem- 
perature. Moisture retards the’^irne of setting. • 

l>jr'LUJ?:jscE OF Moistujie on the Oxidation of Linseed Oil 

The influence of moisture on the setting of oils is of importance, 
and will be refeiTed to again under the drying of varnishes. 

Gardner has investigaU'd th(‘ change's in the weight of oil 
films, containing 0*2 ])er cent metallic oxide as catalyst, exposed to 
moist air and to dried air in a special appar’atus! Tht^.results show 
that in every case there is a great increase in weight during the 
fii'st twenty-four or forty-eight hours. The films dried i» moist 
air almost invariably showed a gain in twenty -four Jiiours which 
was etpial to that^shown by the same films in dry air in forty-eight 
hours ; this gain was followed by a decrean^y.^, in some cases amounting 
to more than the original gain. Still later, and in the inajoAty of 
cases, the weight increased again, and *a second •maximum was 
readied before the oils settled down to constant weight. The 
second maxftnum w^as particularly noticcablet in those cases in 
which drying took place in a humid atmosphere, it being often 
greater than the first maximum. Id diy air the second rise is 
usually slight and sometimes ctitirely lacking. The final hardening 
of the film is reached iilore quickly and directly in dry ai» than in 
tfen atmosphgre saturated with moisture. In the presence of 
moisture there is a sc'cond ris# in the weight time curve. The first 
decrease in weight ^is due to ttte decomposition of peroxides and the 
escape of volatile products resi|lting therefrom. •The second rise 
in the curve is* due, to. a reaction of the glyceriddfe and water (see 
Figs. 7 and 8). 




Fig. 6. — Percentage of oxygen absorbed by linseed oil. (Wilson and Heaven ) 
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The water taken up in the secondary |)eriod is chemically com- 
bined, siijpe it is not given up whim exposed to dry air. The second 
decrease is held to be accounted for ky the deeomi 30 sition eft’ glycerol 
into volatile decomposition products. 

The^writer considers that uiufey ordinary conditions oil films 
absorb water and that this absorption proceeds during the setting 
and beyond, diminishing as the linoxyn increases during tiTe oxidation. 



• 

The second decrease may be accounted for by the gradual decom- 
position of peroxides ac^rdin^to the schemes already referred to. 

^ De Waele gives curves representing results obtained by 
plotting variations in weight shown* by variously treated linseed 
oils on exposure to air, the Atmospheric conditions being simul- 
taneously plotted on the graph (Fig. 9). 

It will be noticed that the iftro series of obsejvations, viz. in 
light and in darkness, although aOTeeing in the direction of the path 
of the curve followed by thg^induvidu^l oils examined, differ very 



26 


VARNISHES AND THEIR COMPONENTS 


• 

materially. A fairl}^ close connection exists between the inverse 
of the pressure of the water vapoi^r and the light conditions, whilst 
the darldiess conditions follovi more closely the relative humidity 
readings. The coincidence of the paths followed by the differcuit 
oils occurs afhu* the completion*of the first indutdion period. The 
ridative stability*of polymerised oil is shown by the steady upward 
tendency aAd closeness of the ordinates at the 53rd and J33rd day 



Fia. 8. — Ljnoleatc driers (dry ealdnet). 34, A1 lliioleate ; No. 37, Zn linoleatc ; 
^o. 41, Co liiiulcatc ; No. 43, Pb Unoleate. 


periods. The conclusions drawn by the author from the 'above 
curves that the periodic variations in weight are caused by two 
factors ^lomposing the atmospheric co^ndititms : (1) the decomposi- 
tion of the primarily formed peroxides is initiated by moisturf^, ’ 
and (2) equilibrium condition^, i.e, dj^composition v. back pressure, 
are attainod by interpretation of the latter as pressure of water 
vapour. « % 

r l?he retardation of oxygen absorption of linseed oil in the pre- 
sence of moisture is also described bv Bories and Genthe (lac,. 
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Fig. 9 Change in weight of linseed oils under different atmospheric and light conditions. 

* • * 
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^The effect of stoving a linseed oil film at 100” C. is to increase 
the water-resisting ]jower by inc^Teasing the amount oi linoxyn 
and by aicelei’ation of polymerkation during fhe drying. , Friend has 
found that a film of linseed oil dried at 15° C. absorbed five times 
as much moisture as a similar'film previously stoved at«100° C. 
He states that t^e painting of wrought iron while it is hot gives 
a much mofe effective protection.®^ 


Influence of Leoht on the Oxidation of Linseed Oil 

0 

* Genthe showed that the absorption of oxygen by a linseed 
oil film was greatly accelerated by exposure? to ultra-violet light. ^ 



In tSe dark the oxygon absorption was observed on the 20th day 
and the maximum was reached on the 50th day. j 

The curves in Figs. 10 and 11 show the relationships between 
time and decrease^in volume when oxygen is absorlTed by linseed 
oil under different conditions of illumination. The results indicate 
that the accumulation of oxidation products in the system does not 
interfere with the general epurse of%he reaction. 

The»form^ of the curves is in keeping \\ith an autocatalytic 
reaction (Ostwald), and can be expressed by the equa^tion 
doc ® 

yfhere a == total volume of. absorbed oxygen ; , a; = Volume absorbed 
at t (days) ; m is a constant, proportional to the concentration 
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of the catalyst ; or if m be negligible, then the equation assumes 
the simple form , 



f 


From the \^rriter’s own experience of long exposure of varnishes 
to the action of light from a mercury vapour lamp (three hundred 
hours), it is quite evident there is a marked difference in the 


4^erceniage axygett absorption 
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diminution of lustre of the eoatings containing different amounts 
of polymerised oil. The eoatings containing small quantities of 
the polymerised oil become poor aud develop fine cracks, whilst 
the films containing larger amount of thickened oil retain tlunr 
lustre tef a very considerable extenf ^vitbout tlu^ a^quiarance of fine 
crac^ks. It must be mentioned that the coatings were subject to 
alternate illumination at 140° "F. and exi)t)sure to aomosphcric 
weathering over a period which .extended for tbn‘e months. 

Summarising the great varit^ty of investigations on the oxidation 
of linsc^ed oil, it may be concluded that the peroxide fori’ned is not 
a ])(^rman(uit sid)stance but gives rise to a variety- of ])roducts ; 
e.(j. ])olymerisation substances, monoxid(‘s, and dec^omposition 
])roduc4s, volatile and non-volatile. It is also evident that it is 
highly desirabk^ to reduce the decomposition products as much as 


u 



Fig. IIH. — O.xidation curves for a and p llnolcnic and linolic ari-ls. 

• 

possible and to favour the polymerisation monoxide or dioxide 
products. It has been shown bow this may be partially attained 
by previous thickeming of the oil and by blending -with' another 
drying oil. TJhe prevention of water absorption and loss of lustre 
of films are prc'blems of the greatest importance to the varnish 
maker. It has tilready been mentioned how the nature of the 
catalyst ma\ play a ])art not 9 ^nly in the quality of the oxidised 
film, but also in the acjceleration of the drying and hardening 
Ijfocess. ^ 

In spite of the work done on Chma wood oil, it is surprising 
how little information is available following on the linos of investiga- 
tion of the theory of the oxidation of linseed oil. ^ 

tin addition to the chemical ‘changes which o^§3ur during the 
oxidation of linseed 'oil* it must remembered that linseed oil, 
especially thickened linseed qU, shows colloid properties on trans- 
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formation into linox}^!, which is a complex of oxidised and un- 
oxidised mixed glycerides.) Changes in the dispersion of the com- 
ponents ‘must be considered, &nd the influeftice of varnisn solvents 
and varnish di’iers must not be neglected in that connection. 



^ Olsen'rfhd Ratner state that finseed oil, after an esmosure of 
^yenty-four djys to a current df pure air at the rate of 15 litres 
^r day, gibsorbs 37-8 per cent oxygen, of ‘which 1805 per cent is 
■oermanentlv fixed. During the period of exposure the oil lost 
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1*8 per cent of its original carbon And 14-73 per cent of its original 
hydrogen- content ^ 

Coffey^ has found Miat linseed oil or its fatty acids without 
driers gi’ws, on oxidation at 100° 5 4 to 5*6 per cent of carbon 

dioxide, and for each molecule of oxidised linolenin or linolenic acid 
a molecule of carbon dioxide and a molecule of a volatile ^..urboxylic 
acid (acetic) are produced. He considers that a molecule of linolenic 
acid reacts v^th 9 atoms of oxygen, of whicfi 3 atoms form volatile 
products. Linolic acid give^ only traces of volatile products (Figs. 
,11^, Hn, and ll(^). • 

S. Coffey®^ is of the opinion that in the oxidation of linseed 
oil triperoxy linolenic atjid and dii)oroxy linolenic; are both formed. 
From the data obtained in the oxidation of linolenic and linolic 
acids, and from the known iodine values of the acids, the calculated 
composition of linseed oil agrec.s closely with that put forward by 
Friend (Chemistry of Lmseed Oil^ p. 55) . • 

The theory of driers and the catalytic oxidation of oils will 
form the; subjecjt of the next chapter. • 
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CHAPTER JI 

(lATALYTIC? OXIDATJON OF OILS BY DRIFRS 

Thk slow oxiMiition of linsood oil as shown in 0(‘nthe’s and in 
Olson and Rainor's (‘X])orimonts acc(‘ntuatos the inifjoriance of 
ilie aceeleration of this oxidation by catalysts. The sinuouS form 
of the cur ve exprt'ssing the nilationship bt‘tween amounts of oxygen 
absot'bcd and timt‘. is chafa.ctoristi(; of an antocatalytic eliange ^ 
and can b(‘ expressed by the Ostwald equation for the introduction 
of ail autoeatalyst : • 

di + 

wliere a is th(‘, initial concrmti’ation of the oil, h that of the auto- 
catalyst, and .T th(5 amouiit of tlu' oil oxidised. 

Tt is [)os.sibl(5 that the autoeatalyst is a higher peroxide than 
that found in linoxyn. TIutc is an induction period in the curves 
in Figs. 10 and 11 which disappears in the presence of siccatives 
or at a high(‘r trunperature of drying. Tt must be pointed out that 
in any study of the rate of oxidation the experimei\ts must be 
carried out with due regard to the decomjiosition products* as in 
Genthe’s work. From the above equation there must be^a quantita- 
tive ridationship between the quantity of linseed oil oxidiseS and 
that of the autoc.atalyst simultaneously genei’ated. • The auto- 
catalytic peroxide sup[)Osed to be formed is analogous to that 
produced in the oxidation of a metal in the presence of wa^r :• 

/OH * 

M + 2H2O + O2 = . + H2O2 ; 2 

^OH 


in the oxidation of phosphorus : ® • 

2P + 202 = PA + 02 = P20 + 03 
2P + 2O2 - P2O4— >P20 + O3 ; 
or in the oxidation of bonzald^yde : ^ 

CgHfiCHO + O 2 = CgHfiCO • O(OIJ), benzoyl hydrogen peroxide. 
CgH^CO ;0(0H) + CgHgCHO = 2CeH5CO0H. 

CgHgCO • 0(0H) jtJindigo^CeHsCOOH +isatin. 

* 36 * 
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iGentho showed that the driers remove the induction period 
and shprten the time of setting and drying. Taking, a typical 
drier as a compound of lead< and of man^^nese,; the first question 
which arises is as to whether they act directly as catalysts, taking 
up oxygen and passing it to the oil with the formation of th« glyceryl 
peroxide^br whether they stabilise the presence of the autocatalytic 
peroxide and thus exert a pseudocatalytic function. 

Ingle® expressed the mechanism of drying by the following 
scheme : 

C3Hj(()L) 3 + 2Pb0 = C8HB(0L)0 • Orb+ Pb(OL)2. 


(1) 

( 2 ) 


/ 


OL 




. , — CH O— CH- 

•v '>Pb + ()2+ II (oil) = 

_CH ( 


.OL 


+ O 3 H. 






OgPb. 


OL 

^^^Pb + Oj- 


OLv O— CH— .OL 

^ N>b03 + (oil)= I I +Pb< 

OL/ O— (^11— ^OL. 


In the first case there is an intermediate substance produced 
giving rise to a peroxide oil, whilst the lead has assumed a higher 
degree of oxidation in tlu! seebnd case. 

'That metals assunu^ a higher degree of oxidation during the 
process is instanced by the behaviour of cerium tungate on oxidation.; 


+ O 3 

2Ce(OL)3 — > 2 CeO(OL )3 


+ oil 


2Ce(OL)3 + 


0— CH— 

Ub- 


'The existence of higher oxides has been indicated and the forma- 
tion of ceric salts in varnishes containing a cerium drier can bo 
abserved in the phange of colour to yellow; (the usual colour of 
[jeric ‘salts/. It would appt^ar as if the drier took the place of 
iutocataly^t, assuming the autocatalyst to be an unstable higher 
peroJCide than is present in linoxyn.® Driers differ in their power 
bo accelera<ie the drying of linseed and other oils. ^ Linseed oil, 
which ordinarily takes three days to dry as a thin film, will dry 
in ^ve to eight hours iA the presence of 0*5 per cent lead and a 
brace of manganese.^ 

Many othe*r metals show a similar accelerating action. 

'Fokin ’ places such metals in the order given in the list, beginning 
wdth the strongest drier : 

Co, Mn, Cr, Ni, Fe, Pt,Td, Pb, Ca, Bi, Ba, Hg, U, Cu, Zna. 

The velocity of drying is stated to increase with the cube root* 

the^concentration of the catalyst metal, but it seems unwise to 
ievelop a relationship between reaction velocity and concentraf^iSn 
without consideration of the superficial concentration. 

I Iqgalli^® gives the time of dtjdng (when the film becomes dry 
bp th^ touch) hi linseed oil filmtf (0-001-0*003 in. thick) containing 
i^per oenjjj^of resinates of the following metal% arid the increase in 
wekhtof the films at different periods : 
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Linseed oil containing : Mn. Pb. Zn. C)a. Co. Cii. Fo. Al. Cr. 

Drying tim^, hours : 12 26 30 32 36 46 60 85 95 ^ 121 

9* 8-S efs-s ^-9 '‘•I 2» 2 0 0-933 

Yanaftium resinate is stated to be a better drier ^han manganese, 

but inferior to cobalt resinate.®" ■) ■* 

It is well-known that the films continue to harden progressively 
for a long and indefinite time after the drying time as given. 

( Mackey and Ingle ® classify metals in the following order of 
» drying : * 

Co, Mn, Ce, Pb, Cv] Fe, U, Na, Ag, Zn, Hg, and AL> 

The method employed is novel ; cotton-wool, soaked in linseed 
oil containing the metal to be classified, was placed in a cloth-oil 
tester, and the time taken to attain a temperature^ of 200° C. 
was noted. In the case of cobalt that tenipcrature was ai^ained 
in the shortest time. 

^ The proposed arrangement of the metals in the oriler of drying 
is not satisfactory. From the lists given it appears that a metal 
which can form morc5 than one oxide acts as a dritu’ or oxygen 
(uirrier when it is in an oil soluble •form, provided that the salts 
of the lower oxides are more stable than those of the higher oxides. 
It has also been stated that the more oxides which a metal can form 
the greater will be its catalytic activity.) 

X Gardner, in his ex^)eriments on the effef;ts of moisture on 
drying oils and varnishes, states that a surprising feature of the 
results is the very high apparent efficiency of aluminium compounds 
as driers Although slow in initial effect they seem to have an even 
greater drying power than the corresponding (compounds of lead. 
Further investigations with aluminium salts as (Jriers are advisable 
before the more general impression is put aside, itlthough the 
writer can confirm the drying power of aluminium resinate. Much 
depends on how the efficiency of a drier is stated, eitheP as irj«5rease 
in wedght of tht^ film, rise in temperature, or actual •buying timoi 
The usual method ot testing the dryung power is that of the craftsman 
who fixes the time when the film becomes satisfactorily dry t(^ the 
finger, which condition is preceded by a dust-dry ” period.*^ Rough 
though the method is, with a personal error of half an hour and a 
dependence on light, temperature, and hygrometric condition^ it 
is satisfactorjf for practical purposes in the hands of a skilled worker. 

The results of the gain-in-weight trials on oxidation of an oil 
may be considered as deciding broadly between drying and non- 
‘ drying oils or between metals a# driers,” but in practice the rate 
of oxidation is not sufficient to establish the use of the Metal as 
^ “ drier.” Rapid setting and har^ drying throughout the film 
from top to bottom, without ^ivelling or silkiness or a dry surface 
layer with a soft yndercoat, are necessary to establish metal as 
a satisfactory drier. • * 

The metals fti thp lists given may be employed fts (a) in a finely 
divided state (Livache proposes finely divided lead) ; (6) oxides 
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(lead, manganese, and iron in umVer) ; (r) acetates (lead, cobalt, and 
manganese) ; (d) borates (lead, manganese, and cobalt) ; (e) metallic 
salts of drying oils (linolatcs, linolenaUs, timgatcs, -and even 
oleates) ; (J) resinates of the nictals (lead, hianganese, and cobalt)j 
The oleates of lead, manganese* and cobalt may be used g-s driers, 
but they^re no*i so readily solubki nor so active as linolenates or 
linoloates.-» ( There is the tenden(*.y to consider salts of CjgHagOa 
and acids as yielding most of the drying powr, but their 

solubility, must be carefully considered, because the form in which 
the metal is presented often determines its ^selection ; e.g. nitrates 
and chlorides are seldom used as driers, whilst acetates and borates ' 
are good driers, es|K'cially borate of manganese, which, hpwever, 
requires rather a high tem])erature to yield its maximum effect. 
I^ead stearate is of little use compar(;d with lead linolenate or 
linoleate.\ I^ad tetraethyl, which is a clear and nearly watey- 
white Jiquid containing 70 per cent of l(;ad, freely soliibh* in linseed 
oil, is stated to be us(‘less as a drier at the oi-dinary temperature. 
It is evident^ that the metal must be jiresinit in a suitable form, 
because finely divided lead, in spite of its apparent insolubility in 
linse<‘d oil, and although soluble in the acids which are present in very 
small quantity in the oil, has shown itself in the hands of Livache to 
be a good drier, f JManganese, one of the best driers, giv(;s a coating 
which often shows ri veiling, and Qf)balt films show the same defect, 
due to rapid surface oxidation. TIk^ h'ad films an; rounder and 
fuller. Mulder states that lead gives films “ tough like rubber,” 
while manganese produces films ” tough like leather,” although 
lead is a slower drier than manganese^ The drying time of linseed 
oil with a suitable drier can be brought down to seven or eight 
hours, for which 3-5 parts of manganese or cobalt to 10, (XH) (jf oil 
will suffice, kTIk; films must be about 0-002 in. thick and the tem- 
perature abt)ut 75"^ F.; It is evident that the action of the metallic 
drier is specific, and it will be of advantage to consider the forms in 
which^metallic driers are used in practice, beginning with manganese. 

Manganese Driers.— The United States Bureau of Mines has 
issued a pamphlet on the use of manganese salts as driers, and 
details £^s to their maimfacture and of other metallic driers are 
given in a pamphlet by H. A. Gardner and R. E. Colman.^^ \The 
manganese compounds lised as driers are the sesquioxide (MugOs), 
P 3 rrolusite (MnOj) or the black oxide-hydrate, borate, resinate, 
linolenate, oxalate, and a few other salts. Mang&nese dioxide 
(natural and artificial) is employed extensively as a drier by 
dissolving it in linseed oil at*500° F. Not more than \ lb. per cwt, 
of oil is used.j It may dissolve paii^ally as linoleate,* but the boiled 
;oil produced is dark in colour. 

Manganese . sulphate is prepared on the large scale from the 
dioxide by heating to re(in& with ferrous sulphate and th«in 
dissolving jput the manganese sulphate with water. It is largely 
used by oil-boiiers for preparing pale boiled oils, and is also the 
sdurce of the oxalate and borate. 

* Liuoleate is term used to include a mixture of linolate, linolenate, 

ol^te obtained"' from linseed loil. 
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Manganese borate is formed b;^ adding a solution of manganese 
sulphate to a liot solution of borax, from which it is precipitated. 
The oxalale is made bf adding a solution of sodium oxalate to a 
soluble manganese salt. ^ 

The msinate, linoleate (8-1) per cent Mn), and tungate (9-3 pei* 
cent Mn) arc made by adding a mangancs(i salt to a sol:ttion of a 
rosin soap or an oil soap iosj)ectively, or by heating manganese 
acetate and rosin to give .mangan<\so resinate. They are soluble 
in turpentine and in M'hitc; spirit, but the solutions darken rapidly 
on keeping to a deep elartd colour. One lb. of the linoleate mixed 
with 5 lb. of linseed oil, wliich is then added to 10 galls, of linseed 
oil, is said to form a gftod drying oil. It must be stated that these 
salts ar(} mf)re (‘ftieicnt if they are dissolv^f'd in a medium as soon 
as possible after pre])aration, because tlu'ir solubility depreciates on 
keeping, due to oxidation giving rise to less soluble products. 

Cobalt Driers. — (lobalt is used in the form of acetate, reninate, 
linolenate (9-5 jXT (>ent C-o) or tungate, and the driers are prepared 
from a soluble cobalt salt (c.f/. sulphate) in the saint way as the 
corresponding manganese compounds. The cobalt drier solutions 
are as highly coloured as those of manganese, but they do* not 
darken a mixing to the same degree** and arc highly coloured com- 
pared with the corresponding k*ad compounds. As the quantity 
of the metal us(‘d is very small^ a cobalt-treated oil will bleach 
out on drying. (Comparison of cobalt with manganese and lead 
will be refiu’red to under (Combinations of Driers.” 

Lead Driers. — Lead is ustal as oxide (flake, massicot) or as red 
l(\ad ; generally flake litharge is preferred. It is sometimes introduced 
as flake litharge into a varnish mixing directly in the “ drumming ” 
process, or else in the form of a soap produced by dissolving- the 
oxide in oil. It may be used in the form of acetate in conjunction 
with rosin to give a resinate (25-6 per cent Pb). , It fe preferable 
to use the oxide dissolvial in the oil rather than in the form of 
separately prepared linokuite (27 per cent Pb), because <>f the 
dlfliculty in dryingr the very viscous salt. It must be mentioned 
that solutions of lead soaps will deposit lead stearate and palmitate 
on standing or on thinning.^f • , 

(Red lead and manganese dioxide require a temperature of 
300°-5(K)° F. for their solution and produce dark-coloured oils which 
on continued cooking (not too long) give an almost black mass, 
which is solifble in turpentine and is the basis of the so-called 
Japan or Japan driers.^ They are as jiowerful as the precipitated 
linoleates, and have been known for a very long time. Special 
kinds for many purposes contain resins,- but the catalytic power is 
not increased thereby. ♦ 

Cerium Driers. — It is stated by sj^me investigators that cerium 
linoleates are inactive. FrdJ;n the writer’s experience this is 
incorrect.^* , • 

If cerous oxalate be made the starting-point, ft can be easily 
transformed in^ c^ous linoleate, which dissolve# readily in oil, 
giving a clear solution without the separation noticeable in the 
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case of lead linolcate. In drying power it is to be compared with 
lead linolcate, and it is of the same or slightly greater activity, 
but it needs a second drier, ^uch as manganese, or a promoter to 
be present ; e.f/, manganese and cobalt.. . 

*0-4 oz. of CcgOg to one gallon of varnish mixing, to which has 
been adcWl a trace of a soluble manganese drier, will dry better and 
quicker than when a chemically equivalent amount of lead is used. ^ 
The behaviour of the film of the cerium mixings is markedly 
different -to that of the lead varnishes. They remain soft up to 
the last hour of drying, when a very rapid wtting occurs, showing i 
that the metal is not a surface drier. The hardness next day is 
as good as that of a lead varnish ; moreovej*, there are no bottoms 
as in the case of lead varnishes and no blooming in “ long oil ” 
mixings. Owing to the oxidation of the (;erous salts to the ceric 
form, the varnishes become yellow in time, assuming the character- 
istic (Valour of ceric com 2 JOunds.j 

It is because of the necessity for a second drier that writers have 
dismissed cwiuni as inactive, although Mackey and Ingle place it 
third in their list of drying metals as tested by the cloth oil-tester. 

Combinations of Driers. — ^The metallic content of boiled oils 
and varnishes stands in no stoichiometric proj^ortion to the mass 
of the oxidation product. According to Wegcr,^^ the drying power 
of manganese increases uj) to a (xmcentration of 0‘2 pei* cent, ^ but 
further increase causes no acceleration on drying (cf . Bach, Oxidation 
of HI by hydrogen jjeroxide in the presence of peroxydase).^® 

Lippert states that the combined oxygen is increased by the 
presence of small quantities of manganese, but if the amount 
exceeds 0-2 per cent the oxygen number falls. , 

There is, moreover, an undoubted advantage in the use of mixed 
driers' as shown ,m combinations of lead and manganese. In 
illustration 'reference may be made to results obtained by W. 
Flatt^® and by Sternberg, who found that the drying power of 
lead llnolealc increases with the content of the lead oxide up to 
1 *9 per cent4ead ; the di’ying pow-'er of manganes^e is at its maximum 
with a concentration of 0*1 per cent of the metal .A The o})timum 
conejentotions of lead arid manganese are 0’77 per cent and 0 002 
per cent respectively. Mcister^® states that 0 12 per cent Mn, 
045 per cent Pb, i.e. 1 : 4, are the best when the metals are in 
the form of resinates. Manganese resinate contains ^er cent Mn ; 
lead resinate 22 per cent Pb ; zinc resinate contains T^r cent Zn ; 
cobalt resinate 4*5 per cent Co. The best results are obtained tvhen 
1 -5 per cent manganese and ”lead resinates are ^ssolved in linseed 
oil, whereby the drying time is reduced to six^ours. In a 2 per 
icent nfteture of these metals, in the form of resinates dissolved in 
linseed oil at 150° C., the follojving drying times were obtained : ** 

Drying timee ; Mn, Pb, and Ca, 6 ii^urs ; Mn, Pb, and Zn, 7 hours ; 
Mn, Zn, and<&a, 9 hours ; Mn, Zn, and Co, 7 hours ; Pb, ^n, anri Ca, 9| hours ; 
Pb| and Co, 84iours. 

. . } The atJ^itioA of lime in neutralising the’ acids m the oil must 
also favour any pplymerisation during drying. , 
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' W. Flatt considers that excess of drier in the case of manganese 
or cobalt (Joes not retard drying, and quotes the following observa- 
tions : • • 

Linsoorl oil 1-00 per cent Pb dried at 10® C. in 20 hours. 

• M 0-25 „ Mn „ „ 16 „ 

» 0‘08 „ Co „ „ 4 „ 

» 0-25 Co „ „ 4 „ • 


Wegcr (he. cit.) stated that 0-25 per cent Mn or 0*5 per cent Pb 
and 01 i)er cent Mn were the optimum amounts ; excess was no 
^advantage, but did not retard. 

The following table gives the results of Flatt’s experiments 
with mixed driers, using percentage as given : 


Pb. 

Mn. 

Co. 

Drying Tiiuos. 

Por ernt. 

Por cent. 

Per cent. 

IfourB. 

1 



20 

1 


i 

t 


, . ' 


16 

i 


1 

10 


1 

. • 

24 

i 

i 


17 

1 


• . . 

10 

1 


• 

18 


i 

i 

17 


4 

f 

18 


i 

i 

19 


1 

1 


20 


From the figures given the manganese drier d(X'.s not stin^ulate 
the cobalt di’ier, but rather the reverse. Nevertheless, tl^^ere is 
evidence that even in the case of these two metals there is some 
mutual influence. Consensus of opinion is in favour of mixed 
driers, Pb and Mn, and even cobalt and manganese. Load driers 
are less sensitive bo temperature variations, whereas ^manganese 
driers are the most sensitive. There 1% alw^ays an increase in 
viscosity of lead di-ying oils, whilst manganese and cobalt •oils 
change only very slightly ; nevertheless, a manganese drying oil 
improves with agej 

It is evidejit that the activity of the drier depends specifically 
on the metal. Rochs seeks to explain them on chemical grounds : 


0 . . manganese as drier. 

c~c — >c-~c 

I \/ +D . • . lead as drier. 

— 0 ^ 0 • 



< When there is a combination of the two dri&s, a peroxide 
glyceride of the Orloff type (p. 17) would be formed.*, 

Another view is that the ^second (^ier acts as a polymerising 
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agent causing a union of unsakurated molecules and preventing 
the oxidation being carried so far as the prf)ductior:^ of Reid’s 
superoxidised oil.^^'' Tiie solitening of linbxyn may be due; to a 
return of the gel to the fluid f^^ate.^^^ •^'This view is v(U’y worthy of 
consideration, ^specially as .aluminium has been found to give 
greater drying powers than the corresponding compound of lead ; 
moreover, the advantages of l(‘ad as a drier are not so manifest 
when dealing with polymerised or easily polymerised oilsi(cf. per- 
centage of linoxyn forriu^d when lead and manganese driers act 
on lithographic oils compared with manganese alone (Morrell,* 
loc. cit.)). No doubt it is advisable to cheek excessive formation 
of peroxide glycerides, wliic^h arc* over-])rOne to subsequent de- 
composition, and the combination of Jiietallic glyccu-ides. may be 
favourable in this rf^spect. It is sometimes stated that driers 
lose their tvflivity. Undoubtedly certain drhu’s cause a thickening 
of a \iarnisli, which may dry morti slowly owing to increased thick- 
ness of the film, but at? long as there is no separation of the drier 
and the fluidity is inaintainc'd, the drvdng tiim^ in the case of 
varnishes remains st(‘ady. 

theories of the Action of Driers. — The metallic driers are 
catalysts, and the term catalysis as defined by Henderson {Catalysis 
in Industrial Chemistry, 1919) is niore generally used to designate 
chose chemical changes of whichf the progress is modified by the 
presence of a foreign substance ; tli(‘. agent which produces the 
effect is called the catalyst. , 

The theories advanced to exfflain the action of catalysts in the 
drying of oils and varnishes fall into two classes : (a) chemical ; 
(h) physical. 

'^(a) Chemical Theories . — ^These have been already indicated. 
Withbut the driur it is presumed that a higher and unknown 
peroxfde of*the glycerides is formed which is subsequently reduced.*- 
When linseed oil is boiled without driers it is oxidised very slowly, 
but Rs aettvity is regained when air is blown into itr^ The metal 
of the dr ici^sti Ululates the formation of a ])erox,rd(i which undergoes 
subsequent and slow change, either by reduction to an oxide owing 
to the ueaction with unbxidised oil, or by polymerisation of the 
peroxide or oxide oil, or, by partial decomposition of the molecule ; 
all three types occur simultaneously, Ibut at different rates depending 
on the general conditions and on the nature of the metal in the drier. 

(I ) XO 2 + X = 2 XO 2 without driers. (2) X + Og + drier =- XOg. 
(3) XOg + X ~ 2X0. • (4) Polymerisation of XO + XOg. 

(5) XOg + HgO = XO + HgOg. (6) Decomposition products of XOg. 

If^he action of driers is simply catalytic, i.e. if they act as 
oxygen carriers, then the oxygen absorption for a given oil ought 
to be a constant quantity.^ Coffey found that the oxidation 
curves foi:, linseed oil with or without drier show that the rate of 

♦ Tibfe part pHiyed by moisture during the oxidation of linseed oil must 
• • • '/OH 

not be ovoflooked. It is possible that X + 08+ 2H*d=X^^ ^ + HgOj (p* 33) 

may o^oiilr. 



CATALYTIC OXIDATION^OP OILS BY DlJlE^ 43 

main oxidation is unaltered, but thai tlu‘ oxygen aJbsoryjtioix. recorded 
in the preseiice of drier is lower than that observed when lyD drier 
is present ; moreover, the reaction cur^'cs are different.) '< 

< The true oxygtui absorptions, y^hen the followings* catalysts 
were dusted in the solid form on a film of linsec;d oil, arc : Cobalt 
oxide, 25 j)e’r cent; leM oxide, 17 per cent; manganeso botate, 
23 ])er cent ; red lead, 17 per cent ; lead acetate, 24 per cent ; 
lins(‘ed oil without driers, 28-7 per cent (Fig. 1 1(3). 

3''he induction jTcriod is shortened in the i)resence of driers, 
J)ut the final oxygen abscirption is lowered. The oxidation curves 
do not run parallel with the curve for oil alone, and deviate con- 
sid(‘rably fi-om the logarithmic eurv(‘ suggc^shul by Fokin. ^ Carbon 
dioxide is evolved whether th(‘ dricTs ar(‘ )>resent or not. \No tracse 
of hydrogen ])eroxidc was oiiserved when the driers were present.) 
Tt is evident that the pr-esene(‘ of the drier modifies the c(^rse of the 
oxidation of the' oil, and it does not act as a catalyst in the strictest 
sense.' CThe action of th(‘ s(‘eondary drier, e.g. lead, would appear to 
be that of coagulator of the oxidised produiit whos(‘ hrmation has 
b(‘en accelerated by the priniary drier (manganese and cobalt) 

(h) Phymeal Theories.— How far are oils and varnishes to be 
considered lumiogciujous systems in* which the n^action is pro- 
portional to the concentration of tlu* catalyst 'i The ])rop(u*ties 
of surfaces must lie considered, so tliat drying belongs essentially 
to the consideration of heterogeneous sysUuns, and the adsorption 
views of Faraday (1833) a^^to catalytic activity are i*elevant. , 
The surfaces of the drying oil is ‘a zone in whicdi various possible 
inUu'mediato compounds and final jiroducts are ca])able of existence 
side by sidt; and in which the actual e(|uilibrium state would be 
such that there was a definite proportion between thcs(‘ ])ossible 
intermediate jirbducts in a kinetic sense* ; but .while the actual 
number of molecules of (^ach species remained constaht, the in- 
dividuality of these molecules would be continually cJianging. It is 
possible to sec how mangam^so or cobalt could help the •absorption 
of oxygen by linst'cVl oil, by reason of the fact that «mong the 
various possible compounds formed on the surface of separation 
there would be jX*roxides, in which ox^’^en was at a ijptepfial 
sufficient to be transferred to the oil. It is evident that the chemical 
, proportion of driers w ill not account fully W their behaviour, and 
the study of their surface energies is of importance. The rates 
of diffusion of^th*^* oxidation ]iroducts depend on the viscosity* of 
the material, and must be taken into account if the evil defects 
of surface diving are to be overcome. Polymerisation of the 
products and change in their dispersion in the film are factors 
which are ' influenced by the nature of the drier. It is •there- 
fore difficult to make a strict comparison of driers as catalysts. 
pnerS may be <;onsidered as •ifjromoters absorbing oxygen select- 
ively on the surface ^followed by chemical combination, i There may 
be dijfferences in the surface energies of the dissolve driers (there 
would appear to* be differences between those of leAd,* manganese, 
and cobalt) which will affect powerfully the course of the change. ^ 
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According to the report of thrf Contact Catalysis Committee of the 
Ameriq^n National Research Council the catalytic age^t activates 
one of the reacting substances, whilst the promoter activates the 
other. The phenomena are essentially those of adsorption with 
formation of indefinite intermediate compounds. On the hypothesis 
of direcptive and selective adsorption, connection may be made 
between th(‘. intermediate compound theory and the adsorption 
theory, because the idea of a directive force assumes chemical 
union between the surface of contact and the molecules of the 
surrounding medium. The distinctive character of the interfacial, 
molecular condition has been put forward by Langmuir ,2^ who 
assumes that a solid catalyst becomes coalbed with a single layer 
of molecules by adsorption ; such coTuh'nsation is accompanied by 
a change in the character of the adsorbed molecules, involving a 
dissociation of elementary molecules [e.g. oxygon into atoms) by 
which the atoms of the condensed inolecuk^s are dtdinitely associated 
with certain molecules in the surface layer. The application of 
Langmuir’s ith(‘ory by Jut^wis in terms of the radiation hypothesis 
involves the condensation of the catalyst in the atomic form on 
the surface. It must be reraernlK^red that Substances of a colloid 
nature are pi*esent in drying oils, varnishes, and paints, and the 
activity of metals in such solutions is vastly diflerent from what 
it is in aqueous solutions. A •more careful study of Livache’s 
method of drying by finely divided metals would establish a closer 
connection wnth the plumomena obser\ged when unsaturated oils 
are reduced by hydrogen in the presence of metalli(5 catalysts. It 
is for the chemist to decide, from the examination of the products 
of oxidation, the chemical changes which have occurred. It would 
appear that the activity of driers is to be attributed to causes put 
forward by both theories taken together. 


II: 
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CHAPTER III 

BOILED, BLOWN, AND STAND OILS (LITHOORAJMIIC VARNISIIES) 

It is advisable here to draw attention to the differences in the 
nomenclature of varnishes in England, France, the Unjted States 
of America, and Germany. In America the term boiled oi? has 
the same meaning as in England. In France it is huile de lin cuite^ 
in Gcnriany leinolfirniff, coniprising drying oils with thinners. The 
terms varnish and vernis are ajiplied to solutions of resins in a 
solvent or solvents with or without dicing oil. In Germany the 
term lackfirnis is tis(d, which is s]iecialisod under separate terms, 
such as fliichtige lac he, including the English spirit varnishes, or 
Jdte lackfirnissc or feite lacke (al-lacke), which contain copal or 
a r(‘sin, drying oils and thinners, and arc the equivalent of the 
English oil varnishes. , 

f Boiled Oil, — The operation of boiling oil is one in which great 
secrecy is observed by manufacturers. When linseed oil is heated 
to 22d°-280° C. (30()^-5(X)° F.) for several hours in contact with air, 
its drying properties are increased. ; It is customary to add small 
quantities of metallic driers, whereby the resuUing boiled oil is 
essentially an oil containing a metallic catalyst. ControVersy^ages 
over the merits of ‘‘ kettle-boiled ” oil and “ bung-hole oil,” i.e. 
oil in which the driers have been incorporated by heaf compared 
with linseed oil to which driers, soluble at a low temperature, have 
been added. In the boiling of linse-ed oil there is always a 
darkening in colour, but a light coloured oil is often r^quiged, 
in order that the oil may not unduly discolour pigments suspended 
in it. It has become the practice to make a drying oil with 
metallic oxides by heating with a small -portion of the oil until 
they are diss^^lved, and adding the smaller quantity of oil so 
treated to the bulk of the oil, which is maintained at a much 
lower temperature, usually not above the boiling point of wateri 
The resulting oil is light in coloill* and there is considerable saving 
in^the cost of fuel, time, and labour. The oil- boiler may bfty his 
driers from the varnish maker, often^ to the detriment of his oil, 
unless he carefully examines \he composition and quality of the 
driers offered, whitjh may be lead and manganese rei^ates in- 
corporated at 150°- 160° C., or even at a lower ^mperature, jn 
contradistinction to the boiled oils in which lead ^xide or man- 
ganese oxide are dissolved at 220° C. ] The demand is for a 
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boiled oil which hrOfi been heaWl at some stage of the process, 
but it^s undoubtedly correct that for certain purpose^!, esjHJcially 
where colour is of importance, the use of oils of the bung-hole type 
is quite satisfactory. McTlhivey maintains that, j)rovicled proper 
materials ha v(^, been uscid, lower -temperature drying oil^is as good 
as the "kettle- boiled oil. Th(‘ temperatures required for the in- 
corporation of driers in linseed oil are given below : 

Drk'r. 


Manganoso dioxid*' (Hraurmtoin) 

Hydratod inanj^ancso oxido . 

Man^?anosf5 liorato . 

Flako load .... 

Lt‘ad HootSte .... 

MaifiJ'ane.so acetate . 

Lead resinate f\iHed 
Manj^anese cesinate fu.sed 
Manganese lirioleate 

• 

Method of Ma7}ufachm\- The oil may Ikj heated over a fire in 
large boilers holding 100-600 gallons. 

The boilers are made of wroifght-iron plates of the form shown 
in Fig. 12, end the bottoms, which are made separately, are riveted 

to t}r.‘ .sides. The corroding 
action of the fire is greatest on 
the bottom of the boiler, which 
must thus be easily replaceable. 
The boilers should be set over 
furnaces with fireplaces outside 
the boiling shed. A suitable 
coyer sliould be fixed on the pot 
so as to allow both ingress of air 
and the renw)val of instating and 
acid fumes from the boiling oil. 
The oil in the pot (which should 
be not more than two-thirds full) 
is carefully heated u]) to 240°-280‘^ C. (Caution must be exer- 
cised at first, otherwise the oil may boil oversowing to the 
presence of water and mucilage. After a time the oil “ boils ” 
quietly and is kept at 2S()^ C. for not less than two hours. After 
the boiling has i)ro(XH>ded for half an hour the driers are added 
from time to time in small quantities. The time of boiling and the 
' quantities of driers vary, but generally 5 lb. of lead oxide per ^on 
of oil and five and a half h»urs ar^ deemed sufficient.* A French 
ordinary boiled oil may contain 6 jiOL* cent of litharge, which is added 
to the oif heated to 150° 0. and the temperature raised to 230'"- 
240® C. The cold clear oil is drawn off as “ boiled yil ” and the foots 

" ' * War (Office Specification for boiled linsood oiI*C.W.D./406, 19^20, fimita 
the perdentage of lead to 0'6 per cent, and of cobalt or manganese to 0^6 per 
cent. * Test. Matfjriafs adopted* in 1915 for boiled oil 0*1 pen; pent 

idf}^ and per cent manganese. “ ' 



Amount iispfl 

(licnicrita'fi*).* 

Mean Tompetature. 

()•.'> 

250° C. 

01-0-2 

170°.22()° C. 


Ordinary tomporaturo 

0 5-1 


1 

O-.') 

” ” 

1-ti 

” J20°.J.50" 0. 

2-3 

Ordinary temperature 

1 

j50" a 
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arc used for putty or mixed into Ihcap paints. A strong French 
boiled oil yiay contain 10*25 per cent litharge and 0*75 per cent 
uml)er added at 250° 0. and the temjHU'ature then raised to 270° C. 
and kept th(u*e until the desired consistency is obtained. (A clear 
boiled oil •may be made by incorporating 1 -75 per cent red lead, 
1*5 per c(‘nt umber, and 1*5 per cent quicklime.' The red lead is 
added at 170° (\, then the umber, and. the temperature is raised 
to 230°-240° (a, the lime b(‘ing stirred in after removal of the oil 
from the fire ((Vdhgnier). The oil darkens in colour during the 
Jx)iling, owing to the fonnation of dcHHjmposition ]>roducts depending 
on the tem]>erature of boiling and the nature and quantity of the 
cb'i(‘rs used. Mangaru^so di- 
oxide produces a darker colour 
than that product'd by litharge. 

Ix'ad and manganese acetates 
or manganeses oxalate jjrodiice 
the ])alest oils. The tempera- 
tur(' of the boiling process 
should be ke])t as low as pos- 
sibk‘ to prevent darkening. 

The loss in w(*ight is very small, 
amounting to not more than 
on(‘ half per cent in the (uisc^ of 
a lead-boiled oil of fourteen 
hours' heating. The dq’cct 
luxating of linseed oil over a 
fire may be replaced by steam 
heating. The oil is run into a 
tank fitted u ith a closed steam 
coil and luiated for about two 
hours at 95° -97° (J. This 
preliminary treatment assists 
m the coagulation of the 
mucilage, and reduces the 
frothing of the oil during the 
later stages of the process. The itiq. 
hot oil is run into a steam- 
jacketed boiler provided with 
a stirrer and air inlet, as shown 
in Fig. 13. We oil is heated and air is blown through it. The 
driers are introdue<'d from time to time, and on completion of 
the process the oil is run into settling tanks. ^ The oil -boiling plant 
supplied by Messrs. Rose, Dovwis & Thompson is on the same 
general principle, differing only in mechanical details. Boiled oils 
may be prepared by heating m mev^ or under reduced pressure 
to avoid darkening.^ DuringV'he boiling, oxidation occurs with 
improvement in the body and gloss of the oil. It# must be 
pointed out that the peroxide of the more actife components 
may cause oxidation, and polymerisation of the IcIjs unsaturated 
glycerides with accompanyinc thickenine. Boiled oil is of a brown 



-Strain - hoatt'd oil - boilrr. 
jarkot ; Jt, I'pntrp for vi'rtic 
tnitorrt ; T), («il inlrt ; flue 
S, vertical »liaft ; T, »tcain inlet. 


boiler. ftA, s^am 
ieal shaft ; C, ad- 
le ; L, air into ou ; 
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colour of varying depth 6f sha^e. Its odour is characteristic and 
peculiar, and differs from that of raw linseed oil. The specific gravity 
varies Detween 0*933-0 -952, depending on the mode of manufacture. 
Exposure to light is stated t^ darken the oil, although linseed oil 
is bleached under similar circumstances. The properties which the 
consun>er requires are consistency, cleanness, drying power and 
freedom from added impurities ; e.g. rosin, rosin oil, mineral and 
vegetable oils. The drying time varies from five to twenty hours. 
Boiled cil gives a hard, lustrous him, which is liable to crack on 
exposure to air, so that raw oil is added to improve the elasticity. 
The experience of painters and linoleum printers using raw oil 
and a drier instead of boiled oil in their work has shown that it 
cracked and blistered badly (Ingle). 

The following table shows the changes which occur during the 
drying of, a film of cok/- boiled oil by spreading it on a sheet of 
glas% exposing to the air and scraping off portions at intervals for 
analysis. The films were examined by the method described on 
page 50. The oil (original iodine value 183), containing 1 per 
cent of lead driers, was “ boiled ” in bulk at 86° C. by blowing in 
air, the sp. gr. of the product being 0*906. 



Oil before* 
Exposure. 

* 

Oil after Drying at 80“ 

0. 


(1 per cent 
lead driers.) 

3 Days. 

5 Days. 

7 Days.- 

10 Weeks. 


Ter cent. 

Per cent. 

Per cent. 

Per cent. 

I’er (?ent. 

Unoxidised oil . 

(see below) 

100 

45*7 

33*9 

10*9 

17*5 

Partially oxidised oil . 
(see below) 


62*5 

50*1 

43*6 

28-9 

Linj^xyn , . . 

(see below) 

Unoxidiso^ Oil — 


1-8 

16*0 

46*5 

63*6 

tFnoxidised acids . 
(calculated to oil) 

87*1 

35*5 

24*5 

9*2 

13*35 

Oxidised acids . { 

(calculated to oil) 

’ I^rtia'Sy Oxidised Oil — j 

12*0 

* 

10-2 

9*4* 

1*7 

4-16 

Unoxidised acids , 
(calculated to oil) 

• 

14-6 

10*0 

17*2 

9*6 

Oxidised acids 
(calculated to oil) 
Linoxyn — < 


37*9 

40*1 

26*4 

f 

19*39 

Unoxidised acids . 
(calculated to oil) 

0 


4*9 

12*6 

7*34"^ 

^ Oxidised acids 

(calculated ta oil) 

• 

« 

111 

32*9 

46'26 

« ' 


Half >he oil becomes partially 'oxidised oil, soluble in methy- 
lated ]^it insoluble in light petroleum. Linoxyn increases 
expeijp# of the partially oxidised oil fractibn. At a oertam 
point tiaie quantity, of unqxidised oil increases, t linoxyn is not' ^ 
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simple substance, but contains glycerides of oxidised and other 
acids. ' * 

Blown iJnseed Oil, — Linseed oil can bo thickened by oxidising 
in a current of air blown through it, and it jnay bo artificially aged 
thereby, feronorally the oil is heated to 12l°-14W° 0. (Hazura 
states 66'’ and Ingle 60''-l00'’ C.) and a largo volume .of air 
blown in, the air i)assing into the oil through small perforations 
in a pipe of about ^ in. diameter. The tem])erature should be held 
at 188"’-205'’ C., but it may be necessary to cool the oil by a water- 
j^ck(jt to prevent rise 5f temperature due to oxidation. After a 
few hours the oil begins to fume strongly, and the head must be 
b( 5 at('n down. I’Ik? air blown in may be h('ated previously to 205° C. 
in a sup(‘r heater, aiid the oil may be blown without further heating. 
When blown with hot air the oil dries bett(U’ and is of paler colour, 
hut is more liable to gel during the process of manufaAure than 
when heat(^d and ciold air is passtul in. It is advisable to pr(Mde 
th(i pan with a stt‘am jacket, so that if the ojieration is not con- 
tinuous the thiekimed oil may Im^ remlered fluid to ^)ermit the 
resum])tion of the introduction of the air. To oxidise 600 gallons 
of linseed oil 8ahin slates that aii* froiy a rotary pump wdth a 3-in. 
outlc5t running 225 r.p.m. may 1x5 ])assed in for about forty to 
fifty hours without causing coagulation. If the blowing be stopped 
a little short of gelation thc^ oil cafl be carefully thinned while hot 
(108° C.) w ith tur]>entine or wdiite spirit, or it may be stored in an 
(>p(ui tank ready for use. lU? viscosity is so high that it will not pour 
and must be dip])ed out. The in(;reaso in weight is about 10 per cent. 
The oil dri(}s by itself, but the rate of drying is accelerated by addi- 
tion of driers. Owing to its high viscosity it may be used to confer 
durability on cheap linseed oil rosin varnishes, and it may also be 
incorporated with CUiina wood oil. In the blowiiTg of lyiseeci oil 
the molecular weight appears at first to be lower than that of the 
original oil, but this is due to decomposition having endued. ^ If 
the fatty acids from the drying oils be blown, 50 per cent of the 
acids (after removal i)i the oxyacids by petrol ether, th? volatile 
acids by steam, and the saturated acids b;;^ freezing out) showed 
a molecular weight of 423 (280 would bo the normal molSculift* 
weight). It is evident that intramolecular polymerisation has 
occurred either directly or through the medium of oxygen. At 
higher temperatures, e.g. 230° C., ordinary bimolecular polymeri- 
sation occurs.^ 'The primary oxidation products are completely 
soluble in light j^etioleum, but after saponification petroleum- 
insoluble oxyacid^ are obtained.* ) These oxidised acids of Fahrion 
are of interest because of their Tnsolubility in petroleum etj^br. 
Ingk ^ considered that they were very probably decomposition 
products, mainly of a resinous charact^, formed in the aldol con- 
densation of the aldehydic grou^ produced by the action of alkali 
on the peroxides during the saponification. He thoi^ht that the 
evidence of polymerisation occurring at such low ^mperatures 
as tK)°-100° C. was not. convincing. If polymerisation does occur 
ai such low temperatures it would be expected to take place by 
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polymerisation of the molecules by attachment through the peroxide 
oxygeA. The action of ageing and heat on a semi-pxidised oil 
produced by blowing in air at 140”-212° ¥. (60°-! 00° C.), or by 
exposing linseed oil in a line ^spray to air at that temperature, has 
been investigated by Ingle {loc, cil.). It may be taken* as typical 
of methods used for investigation of oxidation products of the 
oils and given in some detail. The ether insoluble part is linoxyn. 
The (ither soluble part aft(*r rertioval of the solvent gives a part 
soluble in petrol(mm ether, viz. unoxidised oil, and a ])art insoluble, 
viz. partially oxidised oil. Each poi-tion 'was saponified and the 
oxidised acids examined by Fahrion’s method. The results are 
given in the following table : 






lieiitcd Material 


Frt'sjqy 

Five (Lays 
alter. 

After 

aimlvsed after 

c 

0\i<lisi>(l 

UeatiiiKto 

Tliirteen Miinths 


Oil. 

i(‘.(V (’.* 

at the Ordinary 





'reinperature, 

Linoxyn .... 

27 3 

31*3 

30 *7 

45-3 

Partially oxidised oil . 

ta-'l 

44 0 

40-0 

34-5 

Unoxidised oil . 

ID’S 

23 ’2 

23-4 

21*7 

Iodine value 

7o-r» 

70*5 

04-5 


Loss in weight on boating . 
Partially Oxidised Oil — 

.. < 


2T) 


Oxidised acids 

27-7 

23 *2 


19 f) 

Unoxidised acids . 


U'& 



Unoxidisod Oil- 





Oxidised acids 

40 

40 

4*8 

4-2 

Unoxidised acids , 

15-3 

16-3 

18-2 

16*6 

Total oxidised acids 

39-6 


41-3 j 


Total unoxidised acids . 

42 0 


42-5 1 



i 


1 



♦ At temperature the oil “turns,” i.e. passes from ti>e liquid t« the semi-solid. 

The linoxyn on saponification gave 83 jx^r cent acids soluble in 
methvlated ether conti^ining 72 per cent oxidised acids (I.V. 65*0) 
ahd fl-0 per cent unoxidised acids (I.V. 92 '5). 

Ingle concluded that under the above conditions age increased 
the quantity of linoxyn in the oil at the expense of the partially 
oxidised oil. It also increased the amount of the unoxidised oil, 
while the iodiqe value remained the same. Thli oxidised acids 
in the partially oxidised i oil decreased. There seems to bp no 
evidence of autoxidation, as no decrease in the iodine value is 
observed (the changf?, in the witeV’s opinion, indicates gelatinisation). 
Heating increases the linoxvn, reducing the partially oxii^sed 
and slightly increasing the litnoxidipd oil. 

With reference to the durability of coatings containing blown 
oil, there is ^ difference of opinion. ' Generally the polymerised 
oils give mc^e durable coatings..^ If in the oxidation a high pro- 
portion 6f peroxides is left in the oil, it may on weatheri^ be 
exj^cted to yield the superoxidised oil of Reid * to the detriment 
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C-(?* 

of durability, but if an oxide \ / were attained, durability* would 

0 

be expected. The siiperoxidised cul of Reid is considered by 
Wegner ^ fo be a reversion of gelation of linoxyn to the semi-fluid 
coiulition. /The oxidised oil produced by blowing or by cold 
boiling after the formation of peroxides (drying process) would 
b(* decoTiiposed b}^ hmgthy exposure with the formation* of fluid 
aciidic products according to om^ of the schemes : 



— CH— (^T— 

cn 

—CO 

CO— 

( 1 ) 

1 1 - 

!1 + 11 

— >- 1 ■\ 

- 1 


0 () 

0 0 

+ o., oil 

OH. 


— CH 

[-CH— 

CO— 


( 2 ) 

1 

1 

1 + 1 



() 

_() 

OH OH. 



I’hes(‘ products may be neutralised by bases, as in the case of 
huid white or whiting, to forpi more or less brittle ecTatings, but 
if the ])aint consists of inert pigments, •such as china clay, barytes 
or iron oxid('s, i-he films will be sticky; and easily removable; The 
saTiK* gr(‘asiness due to th(‘ formation of acidic decomposition 
])roducts occurs in the manufacture of linoleum by the oxidation 
of linseed oil in the jjrese-nee of ihanganese driers in the Walton 
shower bath. 

Absorption of Oxygen by Raw, Boiled, and Polymerised Oils. — 

The tables on following page shows the absorption of oxygen by 
raw, boiled, blown, and polymerised oils (Morrell and de Waele, 
p. 63). 

Thc‘re are many patents dealing with the blowing of drying oils. 
Brin's Oxygen ('o. blow in pure oxygen.® Andreftli ® ozgnise% the 
air previous to blowing it into slightly wanned linseed oil, and to 
prevent over-oxidation a certain (Quantity of hydrocarbons (^.p. 
above 100° C.) or giease is added. Electrolysis by dilute sulphuric 
acid in an emulsion gf oil, and the addition of sodium peroxide to 
facilitate the oxidation without addition of £^/iy other drier (Bernet), 
have also been proposed. ; T ^ 

The oxidation by air in ultra-violet light has been tried, and 
Marcusson has described a meithud for thickening oils by silent 
discharge to produce V^oltdle. Rape and fish oils are first thickened 
by blowing in ail’, an^l then electrically treated as shown in Fig. 14. 
The glass and metal ]ilates are a few miyimetres apart. 

The operation is carried out under reduced pressure (yV atmo- 
sphere), using 8*10 kilowatts curreht. ^ 

The effect of passing ozonised air into linseed oil at the ordinary 
temperature is essentially to bleach the oil, and the process will 
be,described under the “ Refining of Linseed Oil.’* 

In practice the danger of spontaneous ignition durmg the blow- 
ing is avoided by heating the oil for a long time at J50°-260° C., 
so as to allow polymeiised flakes to settle, and decanting off the 
clear oil before blowing.^ \ The flocculation of linseed oil in ^the 
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Thk^ Apparent Absorption of Oxygen by Kaw, Boiled, Blown, 

AND Poi-YMKRISED OjLS e 



(Increase in Wein'dt.) [Cf. Amld’.s Jhyiui/ and Boiled Oila, 1001.] 

0]ive oil (in winter 
time). 

d-(>7% 

in 2 (lays 

1 .08% in 5 day.s 

3-30Vo in 12 days 

5 0*;;, in 24 days 

Baltic liiLsecd oil 
(winter), 

China wood oil 
(winter). 

3 S';;, 

.,33 „ 

13 0% „ 03 „ 

11 73*;^,, 03 „ 

17-02% „ 83 „ 
(maximum) 

13 40% in 8i’ days 
(maximum) 


Eastlndinn linseed 
oil (summer). 

ir>-»% 

„3i „ 

1(5 3",', „ Oi „ 

14 '2*;., in 0 days 


Ka.st Indian linseed 
oil thickened r>()(l- 
530"' F. 311 hours 
(winter). 

0-50';; 

„33 „ 

ii0% „0^ „ 

2 02**;, „ 83 „ 

10 0% „ 32 ,7 

Polymerised nil , 
Stand nil (summer) 

■1 0”;, 

niq 

H 0**;, „ Oi „ 

0 0% „ 83 „ 

10-8% 27 „ 

Boiled oil (i*ont}U.i- 
iiiK lencV (summer) 

11-8% 

„ 1 day 

14 0";, „3i „ 

12 5% .,28 „ 


Linseed oil lieated 
t<.» 280" C. and 2'’(i 
Pb. Mn, resinatr 
added. * 

lo 3% 

„ hrs. 

17-4?;, „ Hi hrs. 

17-4‘';, „ J day 
(tihu dry) 

17 4% „ 5 „ 

Boiled oil eontain- 
iiiR lead and maii- 
ptanese (summer) 
Double > l»oiled oil 
(summer). 

Linseed oil, 2",,. 
licad manuanese 
rosinate (ii(» lieat) 
Ovinter). 

ir> 2"„ 

10 1% 

14 r;., 

M 10 „ 

„ 10 „ 

14 (|% „24da.\s 

14**^% „ 

17 „8.i „ 

(lijra dry) 

12 8% in 23 days 


Linse('<l oil blown 
at 100-140" C., 3 
years old (summer) 

0% 

,, 1 i days 

If) 1% in 24 ,, 

13-7% „ 44 „ 


Cold blown linseed 
oil (Caleiitta) eon- 
toiidng lead 
(summer). 

2 2**0 

„ 

ur>% „.*» „ 

JO-?*;-;, 8 „ 

(Him dry) 


C(dd WoM’ii linse('d 
oil with 2').', Mu 
rosinate (winter). 

i2-3';o 

„ 5 iirs. 

10-7% „ 84 lirs. 

17-1% in 1 day 

17-0% „lidays 
(him dry) 

. Blown *.t C. 

linsged oil, 2% Mn, 
rcsinate (winter), j 

. .. 

14 ‘.v;;, 

^ 1/ 

10-5% „81 „ 

10-5*;;, „ 1 „ 

17-5% in 14 „ 
(Him dry) 


boiling process is not always due to the presence of protein and 
carbohydrate mucilage^ but is caused by adulteration with fatty 
aMd glycerides, which polymerise at a temperatnre of 240^-200® C., 
yielding insoluble gcIa(inous j^roducts.) When polymerisation sets 
in, linseed oil is enclosed in the solidifying jelly, but on further 
heating and stirring the jelly suddenly breaks, and spongy, slimy 
flakes separate. ^ These flakes hai’den in the preseiSce of air during 
the blowing process, and frequently ignite spontaneously, causing 
explosions and fires ; chief among the adulterating oils are Chinese 
woq^ oil and candle-nut oil.^^ 

Polymerised Oils (Stand Oil, Lithographic Varnishes),— linseed 
oil and drying oils generally thicken on heating at rates depending 
on the composition of the oil. !L. Limis (1835) in Bcnnebroek, 
Holland, de|.crilK*d a method for the preparation of thickened 
Mnseed oil by which the oil was boiled strongly and then allowed 
Vo buin,^nd the flame extinguished wh6n«the desired thickening 
wa^ obtained. ! Oil thickened by this process was named 
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Oil by Devont(‘r (1868). Andes considers stand oil to be a linseed 
oil thickened by heat or by superheated steam and a cmii*ent of 
air. A. G.* Wright states that it is identical with the so-called 
lithographic varnishes. Extremely thi(;k stand oil is called printers’ 
vainish, Lut as a painter’s matcu-ial this oil alone, finds no appli- 
cation.* 

From a summary of the authorities it is advisable to consider 
stand oil as linseed oil polymerised by heat without driers and 
without blowing.i^ * 

In AiiKTiea it is known as lithographic oil. The heating of 
*tlie oil is jj(‘r‘formed in a kettle, enameilcd or silvered, of aluminium, 
or copper-bottomed, or even iron alone, depending on the colour 
dtsir(‘d.^^ If the heating b(^ pei-formed out of contatjt with th(^ 



Fia. 14. — IlepUiHie’s proo<‘.ss. A, drimi ; B, metal plates ; C, ^lass plates ; D, pulley ; 

E, baffle plates ; E and (J, ele<-tric cvnne(!tlons. 

• ¥ 

air, the kettle is provided with a form ofc sjiecial lid. Otherwise 
a lid of the usual hood form may be employed connected with a 
flue or Buitabh^ condensing system. The kettle may be heated 
over a lire oi^by caperheated steam. If iron or copper vessels 
are employed, the c »lour will be dark„due to the action of oil on 
the metals. 

When linseed oil is heated out. of contact with air, polymerisation 
ei;^ues.^^ The table on following page shows the changes which 
Baltic oil undergoes when l^ated in an atmosphere of carbon 
dipxidc at 250® C. • 

There is a notable increase in the proportion jf solid acids ; 
they are, howevpr, transparent and of gummy cojisistency. By 

' * The bodying of linseed oil may be effected by treating with small quan- 
tities of sulpliiir, which element aupears to control the degree of polyijierisa- 
tion of a number of drying oils. , 
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Raw Oil. 

l‘J llinirs. 

r><l Heurs. ^ 

77 Hours 
(oil solid). 

Sp. gr. 15 ‘5“ C. . 

0!):i5l 

0-9423 

0-9004 


n[ 25^^ C. . . 

1-4808 

1-4835 

1-4930 

■ 1-4790 

Iodine value 

190-0 

175-2 

119-8 


Oxidinod acids per cent . 

0-78 

0-29 

0-5 

3-24 

Solid acids * . . . 

5-25 

7-03 


48-8 

Iodine value of solid acids 

17-5 



80-4 


• Facinni and Dortii's afctoiic incthtul. 


boiling tho solid product with amyl alcohol to remove any linoxyn, 
de Waele obtained an extremely tough insoluble residue, which 
had an iodine value 94 and was very resistant to the action of 
alkalf'\s. He considered it to hv. a closed ring compound (Cyclolin).^^ 
When other drying or semi-drying oils arc h(‘at(^d, thic;kening 
occurs at ditlerent rates, as shown in the following table : 



Tdnseed Oil 


China Wood Oil, 

Flippy SiH'd Oil. 


Raw. 

Thiikcned 
in (.’(), at 2t)0'- 

280 ' e. 

28i hours. 

Raw. 

Thi(-kei«*d in 
COjat 240 C. 
20 minutes. 

Raw. 

Tliii-kened 
in CO, at 
200 ' C. 

28 iiours. 

Ip. Rr. (16“ C.) . 

0 933 

O-OOO 

0-9105 

0-956 

0-9242 

0-9354 







(18'^ (!.) 

(22" i\) 

. . . . 

1 4831 

1-4916 (ir 0.) 

1 5172 

1-5134(1 5“ C.) 

1 4738 

1-4792 


(19^ C.) 



(14“C.) 



(20" C.) 

(22" 

itolccular wclglit (In 









b(?nzol) . 

8I'5 

1080-1701 

797 

1431 • 

777 

900-10 

Lcidlty . ' . 

>ap. V: . . . 

0-4 

1 

7 

3 3 

2 

3 

32-33 


197-203 

200-3 

192-4 

190-201 



.V, (Wljs) . . 

185 

118-34 

105-8 

143- 

171 

13l)-0 

115-32 

Hyceryl^per ccn^ . 
!ryst. hexabrornlde . 

902 

10-4 

10-47 

8-3 



33-5% 

None 

None 

None 



I'etrabromo-and | . 







50% 

6% 



HiiluMi-. 

IllHuillblC 


Soluble 

lllll<)Iu})lu 



lolublUty In^cetone. 

100% 

41*62 

42-60 

100% 

46-6 

72-2 

47-5 

27-8 

Completely 

soluble 

Coinpletelj 

soluble 






(210“C.) 

(2HrC.) 



}p.gr.(15'’C.) . . 


0-9627 

0-9703 


0-9542 




. . . . 


1 4840 

1-4904 






d.W. in benzol 


lK)4-76 

1788 


876 






2617 






Icldity . . . 
:.V. (Wljs) . . 


7 5 

92-143 

0-2 

97-121 

t- 


2-47 

76-151 

93-157 

(/ 



? (Xive oil and poppy seed oil undergo slight thickening compared 
with linseed oil, whilst China wood oil can only be heated to 
for twenty minutes without gelat,iCiisation occurring. From the 
figures given above it is evident that the olejc and linolic acids 
present in oliv.e and poppy seed oils do not contribute materially 
tq the thickening of linseed oil, the cause of which is due to change 
in the .linolenio acid. /Jt is only when the temperature is raised 
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to 290“ C. that poppy seed oil begins to thicken appreciably.^ (It 
must be pointed out that the thickening is retarded by the ^acidity 
of the origihal oil, and the high acidity of the poppy seed oil used 
may have unduly retarded tlie polymerisation of the linolic acid.; 
^Wlien linseed oil is thickened under the conditions given above, 
it contains 50 per cent of an oil of high molecular \^(‘ight, insoluble 
in acetone. Pop])y seed oil thickened at 290“ C. contains the same 
pro})or‘tion (50 p(‘r cent) insoluble in acetone ; likewise China wood 
oil at tli(‘ point of coagulation shows 50 per cent insoluble in acetone. 
An examination of the acc^tonc^ soluble and insoluble portions in 
'^the case of linseed oil showed that in addition to polymerisation 
thert; was decifled indication of changes in the positions of the 
double linkage's of the mixed glycerides of which linseed oil and 
pojipy seed oils are composed.' 

The iriost unsaturated glycerides are polymerised fo‘.st, but in 
the (!as(‘ of the isomer of the linolic acid glyceride in uhina^wood 
oil the polviiu'risatiou is (‘xtraordinarily ra])id,'and will b(^ referred 
to in detail later (i)age HI). Th(‘,])olymeris(‘d molec^jiles are not 
V('rv firmly held, because on being sa])onified by sodium methylate 
at thc' or’dinary tempt'rature they gave a monomolecular methyl 
ester which polymerised on distillathlh in a vacuum. In the case 
of tang oil there' was no indication of change in position of the 
linkages other than polyuK'risalion. The drying power of the 
thickciK'd oils is leduced, and the viscosity varies according to the 
conditions of heating. As wall be mentioned under China wood 
oil, polyjiK'risation proce^'Bs rapidly wdth tlu^ formation of stiff gel 
w'hicli is insoluble in petroleum. In linseed oil ])olymerisation can 
be carried to tlie same stage, the change procc^^ding gradually and 
being easy to control. This gelatinous product has been referred 
to on page 54 as cyclolin. , 

Ix^eds gives the results of the examination of a •number of 
lithogi apliic varnishes : — 


• 

S U. at 
l-V {\ 

S.V. 

l.V. 

Oxidised 

Acids. 

• 

llcxabroinidos. 

Raw linseed oil . 

O’CTil 

194-8 

169*0 

0-8 

.• ¥ — 

24-17 

Tint varnish 

0-9584 

197-5 

118-0 

1-5 


I’hin varnish 

0 9601 

196-9 

100-0 

2-5 

2-0 

Middle varnisl^ . 

0-9721 

197-5 

91-0 

4-2 


Strong varnish* 

0-9741 

190-9 

86-0 

6-5 


Burnt thin vainish * 

0-9675 

195-5 

92-7 

(J-85 

o 

o 


• Burnt thin varnish is made by heating the oil to its flash point and allowing it to burr 
quietly with constant stirring. • 


For further literature on t^e subject reference may be made to 
a number of authors given at the end of this chapter.^® . 

Theories of Polymerisation.— Sal way suggested that in the 
polymerisation by heat the change might be represented by the 
following scheme : 
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CH,— O-^CO • X • CH -CHj— Y— CH=CH 


CHOR 


OH,. 

ch/ 


I 

CH— OR 


Z. 


R=aoid radicle of unsatu- 
ratod oil. 

X» Y, and Z roprosont CTTa 
and CII3 ^?rmjps reapec- 
iivoly in tho anid radiclo 
R of the unsuturated oil. 


CH«- 


(WK) ■ X • CH— CIV- Y--iCH = CH . Z. 


The add fornjod is attached to tho double linkage in the new* 
diglycoride as in the formation of sulphuric esters of unsaturated 
acids. Such a compound polymerises according to the scheme givem. 
On saponification a polyglycerino ought to lie formed, in the 
opinion of the writer this could be established if the sodium glycjeride 
produced Yfy the action of sodium methylate on the glyceride were 
exanfmed, which as yet has not been done. Sal way found that 
the redu(!tion of the iodine value, is accelerated by the addition of 
fatty acids and retard(‘d by the action of glyciTim;, and that when 
fats are heated to the polymerisation temperature fatty acids are 
liberated. The hypothesis is attractive, but fui*ther investigation 
is necessary for its confirmation. Staudingcr puts forward 
another type of polymerisation /((jondensed jiolymerisation) ; e.(j, 
crotonic ester CH3CH : CH • COOCgHg to dicrotonic ester : 


CHaCH-CHg-COOCgHs 

CH3CH:(1;-C00C2H5. 

•When the esters of the unsaturated acids from drying oils are 
distilled, polymerisation ensues, depending on the nature of the 
estpr*(cf. Morrell, “On the distillation of methyl elieostearatcs ” ; 
and Kronstein, “On the distillation of olive oil, arachis oil, cotton 
seedfoil, efc.” ; also Krafft,^^ and Bonier and Baumann.^^ 

If the linseed oil acids b(* heated at 270° {X in carbon dioxide 
for six hours, there is a reduction in the acid and iodine values, 
bi4 not in the case of thb saturated palm oil acids. The fatty acids 
are generally less easily Yiolymcrisable than the esters. It has 
been known for a long time that the thiclyening of linseed oil is 
accelerated by alkalies, alkaline earths, or carbonates. Walton, 
Parnacott, and Ta3dor used 5 per cent chalk. 

In commercial samples of calcium linoleate there are found 
smaller or larger quantities of polymerised oil, and the quantity 
depends on the amount of lime or the temperature of manufacture, 
dn oFder to polymerise the fatty acids from the drying oils, or in 
the manufacture of a thickened oil from the linseed oil acids,* it 
is necessary to add considerable qtiantities of lime to cause the 
thickeningkwithout- loss of material. The presence of small quantities 
of lime has no deleterious effect on the durability of the oil. Axelrod 
uaed met^lic •chlorides (aluminium chloride) in place of alkaline 
earths or alkaHes, and found that 3 per cent of the chloride gave the 
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denirod viscosity at as low^ a teunperature as J 00®- 150° C., but the 
oil must be^ washed subsequently with water 'to remove acids and 
chlorinated*bodies, which is not a desirable process. > 

Marc.usson has described a i»‘ocess for thickening oils by 
silent electric discharge to produce V^oltole (see Eig.^4). 

Advantages of Thickened Oils.— The incorporation of thickened 
linseed and other drying oils into paints and varnishes gives a coating 
of g]’eat(T d ui-ability and ju'otection against corrosion; Friend, Toch , 
and Ingle have each j)ublLshed results of exposure tests of paints 
on iron which undoubUt^dly support the view.'^^ The formation of 
ring complexes conseqmmt on polymerisation or of less unsaturated 
substances, according to Salw'ay’s view, will retard the breaking 
down of ptii'oxides or oxides of the glycerides on weathering, and 
will rediKic any tendency of j)eroxid(^ formation extending to other 
doubly-linked carbon atoms during the drying ; th^ may be 
observed in the cas(; of ('liina wood oil, which, when unpolyrncfiscd, 
ran(;idifi('s wiiJi the formation of volatile aldehydi^s })roduced by 
the disriqition of a peroxide grouping. The reduefion in the 
water-absorbing power will be referr(‘d to in detail subsequently. 

It must be mentioned that the^ amount of polymerised oil 
presemt in an oil or varnish mixing inust be carefully scdected so 
as not to interf(‘re with the smoothnt^ss of working and to prevent 
drag. Pol3uneris(‘d oil adds to the quantity of thinners required 
to give suitable viscosity, with the rCsidt that evaporation is more 
rapid on appli(;ation of tln^ varnish, and often causes shortness. ^ 
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CHAPTER IV 

EXTRACTION, REFININO, AND BLEACHINC OF LINSEEJ) OIL 

Distribution and Sources ol Linseed. — On tho importation of 
linseed dojiends the supply of paints and varnislies in the building, 
engirtecring, and deeorativci traders, and for the manufactui’e of 
linoleum ; during the (ireat War linseed oil was an iinportant 
source of g?yeerine. The following table gives the linst'ed crop of 
the most important producing countries : ^ 



19 14-1 K, 

1019 

1929, 


Tons 

Tons. 

Tons. 

xArgentirio 

fi()8,4S0 

1,007,830 


Ib’itish India 

467,380 

« 238,770 

439,950 

U.S.A 

337,420 

220,550 

272,210 

Canada * . . . 

193,320 

139,010 

273,210 

Belgium 


10,300 

22,510 

British Isles 

12,870 

13,940 


Italy .... 

9,100 j 

11,000 

9,000 



1 ,450 

2,750 

Tunis .... 

1,000 

1,400 ! 


Algiers .... 


190 


Rumania 

4,810 

4,980 

2,700 

Bosa^abia . 

2,310 

2,550 

•_ 

1,200 


• In VnS the total yiclel was 200,000 tons as compared witli the previous year’s average of 
35*000 tons a ye^ir. 

• 

No recent returns are available from Russia. 

The oil seed crushing trade is probably one of the oldest 
industries in the world, and yet it was left for th# Great War to 
bring about fulf recognition of its vital importance. The major 
portion of the oil seed crops of the world is produced within the 
British Empire. The total consumption of oils for industrial and 
edibfe purposes in Great Britain is estimated at 600, 0(K} tons 
annually. No system has bfen discovered which would enable the 
whole process of manufacture to hS conducted automatically from 
the cooking kettle to the oil expression, and this is a stage where 
there is muct scope for economy of manufacture. In a well- 
appointed mifi on a pre-war basis the whole .operation of receiving, 
crushing, cooking, pressing, oil filtering, and delivery of produce. 
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• 

inclusive of interest on capital emj)loyed, dtiprecaation, power, 
labour, consumption of stores, and general working charginJ, could 
be carried on for less than £1 per ton, and this upon a raw material 
whose original average cost would nc^t exceed £12 per ton. 

• 

Imports for CoNSUMPTroN of Oil Skkds in 1913 




Soya. 


[Tnited Kingdom . 

954,812 tons 

79,452 tons 

915,382 tons 

U.S.A. . 

132,357 „ 

Not separately 
distinguished 

Not separately 
dLstinguishofi 

(Jlermany 

590,323 met. tons 

125,750 met. tons 

219,797 mot. tons 

Netherlands 

20(),035 „ „ 

27,5.54 „ „ 

219,797 „ „ 

Franci> . 

237,406 „ „ 

45 „ 

Not iioparately 
d istinguisked 

Belgium 

259,105 „ „ 

Not separately 
distinguished 

Not separately 
distinguished 


1013 was considered as an abnorm#aily high year for linseed. 

On conversion of the seed into oil values and deducting the 
hgures for r(‘-ex])ort, d. W. Pciyson has compiled the following 
table for 1912-14, 1915, and 19IG 
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Oil Tinports (equivalent 
ot Seed Imports). 

Oil Exports, 

Oil retained In U.K. 





— 





■~T 


1012- 

1014. 

1013. 

101(5. 

1912- 

19J4. 

101.5, 

1916. 

1012- 

1014. 

1015. 

1916. 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

"fons. 

Til ns. 

'J^ons. 

Linsci'd oil . 
Cotton seed 

irj8,124 

123, .554 

1.51,710 

27 ,.562 

55,027 

24,761 

130,5(52 

67,627 

126,949 

oil . 

127,r)10 

117,011 

60,212 

26,360 

36,082 

3,307 

101,150 

8/^829 

50*815 

Fish oil 

03, 8J 1 

04,872 

109,061 

8,220 

4,570 

1,146 

55,582 

8^302 

1 

107,915 


During the war the demand for oil seeds w'as increased by 
three main causes; (1) the demand for ^ycerine for explosives, 
which involved “ splitting ” a quantity of 'oil far exceeding the 
normal require^ients of the soap trade ; (2) the demand for edible 
oils for margarine ; ^ (3) the maintenance of the sBjiplies of feeding 
cake for cattk i ortunately the Brftish Kmpire possessed the 
very substantial advantage that the supply of oil seeds was amply 
sufficient for the requirements and left a small margin for export, 
as shown in the table above. i3y the system of prohibiting ex- 
portation from countries of of^giA to* dekinations other than the 
Umted Kingdom or^ the Allies, except under special licence, it was 
possible to secure in this country any quantities reqilired for which 
shipping was available. • 

The largest exporting countries for linseed are the Argentine, 
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Russia, India, and ('anada. Tlie general oil se(*d production of 
India is already great, and is ca])able of further increase/'* The 
total estimated area (1910 20) under linseed in India was 2,245,000 
acres, chiefly in the Central R^ovinees and Rerar (36-2 per cent of 
the total ar(>a under linse(‘d is in Jhntish India ; the United Ro\nnees 
account for 28-9 per cent, Behar and Orissa 22 per cent, Bombay 
5*2 jx^r cent, and Bengal 5-5 per cent). The (/anadian crop is 
absorbed by the Unitt'd States, a surplus finding its way to Europe 
only in bumper years. Although the United States produce nearly 
400,000 tons of linseed annually, the full heeds of the America^ 
seed crushers and paint manufacturers can only be met by large 
imports in addition. 

China is b(‘Coming a linseed exporting country. The Soya 
bean export from China, Mam^lniria, and Japan is on the decline, 
having faMen fr’om 40(),000 tons in 1919 to a much lower figure. 
Rusf^ia is a gi*eat linse(‘d exporting country, from tlui Baltic 
province's as flax s('('d and from Soiitlu'rn Russia as Steppe seed 
for cabe afld oil. Though Russia's annual production of linseed 
averages over 500,000 tons, Imr expoids in recent years have not 
averaged more than 150,0(K),tt>ii*^ ^ year. For some time to come 
no large' export can be exjx'ctexl from Russia. Small quantities 
of linseed of the branching varq^ty have been grown in England 
with satisfactory results.^ The Variety which sue'ceeds best is the 
La Plata seed from the Argentine. The seed fi'om the variety 
gi’own in England is superior in size, in ap^Ruirance, and in oil-c.ontent 
to the imported see^d from which it was raised ; thus 1000 La Plata 
8eo(}g obtained in 1918 weighed 6 -1-6 -4 grams with an oil -content 
of 38-384 per cent, while 1(X)0 English-grown seeds from the same 
variety weighed 7*192 grams with an oil-content of 38*2-42*8 per 
cent^ Thg- yield* of linseed oil from seed grown in England does 
not show a progressive decrease of oil, since successive crops have 
maintaint^l their high content of oil over a period of three years 
(1912”] 5). The yield of seed per acre was 15 cwt,, and the oil 
productiofi, allowing for the manufacture of standard linseed cake, 
was 35-45 galls, per acre. There is no difliculty in growing 
linseect; it thrives on moderately good land, the best results being 
obtained on heavy, loamy soils. It is also specially suitable to be 
grown in rotation with corn, and does well on recently ploughed land, 
as it is not attacked by wire-worm. Althougli the seed is not 
entirely rijx? when carried, it continues to ripen ita the “ stock,” 
but previous to Ahis the fujl content of oil has been assured. The 
ripening is accompanied by a rise in the iodine value (Eyre, private 
communication). The oil expressed from the seed is equal in quality 
to Baltic oil, and if the present quality of seed is maintained, British 
linseed oil will always comqmnd ^high price in the market.® It 
can be grown in North Britain (ra'e), as well as in the Midlands 
andl the South of England. ^ 

■The write/ has deemed it advisable to make reference to British- 
grown linseed* to show that the country can in case of an emergency 
produce oil seeda and oil, and the method of cultivation on high- 
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(dass land is bound to give better fesults than the more primitive 
methods in use in Russia, Argentine, and India. ^ 

It must*be remembered that the flax or linseed j)lant (Linum 
usHatissimmn) is grown in some ecluntricis for fibre only (North 
Russia, Ciwiada, fkdgium, Holland, and Ij'eland), and the best 
seed showing the highest ])ere(‘nta.ge of germination is preserved 
for sowing. It is stated that vS(‘leeted (Canadian seed gives a better 
flax (!rop in Ireland than Dutch seed. The true flax-bearing plant 
“ Une ” has a straight unbranehed stem about 40 inelies high, 
^umsisting of a cu>re, an outer covering, [iiid an intermediate layer 
of bast tissue. It is the bast tissue which gives the flax fibre, which 
retjiiires a se[)aration from the core and outer covering by retting 
and scutching b(‘fore it can be s])un for linen. This variety is not 
th(‘ b(}st for producing cake and oil. Tlu; variety grown for seed 
only (linseed) is branching and shorter in the stem (18-^4 inches), 
ami its fibre is of r(;kativ(‘ly small im}K)rtance, although it c^n be 
r(4t('d to produce a coarse, dark-colourcMl flax which can be spun, 
l)ut cannot Ix^ bk^achcxl. The yield of seed per acre fi#)m the flax 
])lant is 6-10 cwt., whilst the s(‘(‘d variedly (English) gives 10-20 
cwt. ]HT aci*e. Th(5 seed fi‘om the branching variedy is larger, 
and yit'lds 30-40 p(‘r c(‘nt of oil. lt*is from the Baltic Provinces 
(Riga, Pskofl, and ^linsk) that the flax s(“(‘d is consigned, and after 
one yeai’s giowth in Holland p*?sses to Ihigland and Ireland as 
“ Riga-(4nld Seed " ; whereas the seed (Ste])])e seed) im])orted 
from South Russia is crushed for cake and oik Thc^ yield of oil 
from the difftu’ent varieties of linseed varies with the locality, but 
not greatly. 

Morocco sood (Mazagan) 41% oil Plato sood . . . 38-39% oil 

Steppe aood . . . *19% „ Dutcli (white flowuring) 35-55% „ 

Pskoff .... 38% „ Indian wood . . • . ^37-41^ „ 

For fuller information as to the differences between the varieties 
of linseed, referenda may be made to the publications of the Bluish 
Flax and Hemp Gi(jwers’ Society, T.-VTT. • 

In the prairie provinces of (kanada the flax plant is grown for 
seed only ; in Ontario it is grown for seed and also for fibr%. 
cultivation of the flax plant in Canada for ^le })roduction of linseed 
is as a rule an undertaking distiiu;t from its cailtivation for flax 
fibre. When fibre is to be produced, the seed is sown closely and 
the stems are ]iulled out of the ground before the seed is fully ripe. 
When the seed is rf^quired, the sowing is tliin hi comparison, in 
order to allow' the plants to branch freely, whicdi is undesirable 
if the fibre is wanted. As fnxj branching leads to the formation 
of floAvers and seed bolls, the harvest yield of seed is obtained' from 
a crop that has stood thinly on the land. 

The writer has devoted c(flisidera1blc space to a description of 
the cultivation of iinseed compared with that of flax (lino). He 
has found that there is a common idea that linseed%)il is obtained 
only from the flax-yi^ding plant. The flax from Cahadian linseed, 
unless the seed is carefully selected, is of inferior quality to that 
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of the D]it(!h-Riga varieties. The branching plant is more sturdy, 
and rqjferenec to the cultivation in England of the two varieties 
will convey a better idea of the conditions under whicli both may 
be grown. * 

Extraction of Linseed Oil from Linseed.— To extract the oil 
from the S(5ed/hot or cold pressure may be employed ; the former 
is the most common, whilst the latter is only resorted to when a 



Fia. Ifi. — Varieties of flax plants. Left to rifilit: Moroccan, Steppe, La Flata, Dutch. 

« 

pale edible oil is rffquired, as in Russia, India, or in parts of Germany. 
The process is essentially *an engineering problem. The broaR 
general methods are two in number ; viz. the employment of pressure, 
or extraction by solvents. It is inadvisable to go into the many 
details of the plant used, which have been described in many 
monographs on the subject. The •loader who desires to obtain 
practical information on the subject is referred to a summary of 
the literature ^ven at the end of this chapter.® 

4 very J^rfef summary of the processes with diagrammatic 
representations of t^e plant employed, must suffice. 
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If the seeds be small they are crushed in hydraulic presses and 
the oil forcjyd out of the seed. When the seed or meal is Jieated 
dining the process of hot crushing, the oil produced is known as 
hot-pr(^ssed or hot -drawn oil; such oil is distjoloiired by its 
having dissolved during the expression an excessive amount of 
colouring matter, i'he cold -drawing process leaves usually a 
considerabk‘ amount of oil in the cake, but it is freer from impurities, 
such as mucilage, and is of a better colour. By either hot or cold 



Fig. 10. — Rolls fur liusceii. (Mantove and Alliott.) 

t 

process not more than 90-115 per cent of the toi^l oil is removed 
from the press ( ike. The second proc’bss extracts all the oil from 
the seed by use of solvents, benzol, jietroleum, carbon disulphide, 
or carbon tetrachloride. The process in outline consists in allowing 
the solvent to percolate through the seed or meal in a closed vessel, 
drawing off the solution and (uitilling* off the solvent. 

Anglo -Americaa Crushing System. — Linseed, rape seed, and 
similar small seeds do not entail preparatory maclftnes to reduce 
them to a form suittyble for treatment in the subse^^uent recovery 
process. Such machines are specialised, and are designed to deal 
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with one particular class of scM or nut ; e.g. for reducing copra 
and converting it into meal. 

The oil seeds (linseed, rape, etc.) are first drawn’ through a 
magnetic separator to remove pieces of metal which may have been 
added to bring up the weight of the seed, and pass by tan endless 
band conveyor^to th(i crushing mills. 

^ced Crushing . — This operation is performed in a crushing mill 
which consists of five rolls, 16 in. in diaiueter and 42 in. long. 



Fia. 17. — Kettle and moulding macldne. (Rose, Downs <fe Thompson, Ltd., Hull.) 


stacked vertically, and quite plain on the surface. As a rule 
they are ground very true and are forced on to their shafts by 
hydiaulic pressure, and thereafter keyed at both ends. The lowest 
roll is driven at both ends and is provided with two additional 
pulleys, from which bells are'taktm io similar-sized pulleys at each 
end of the third and fifth rolls. '*^he bearings for all the rolls 
except the lo\«e8t are free to slide vertically in their housings, so 
that the pressure exerted on the seed increases with each step in 
its descent, ^he capacity of the rolls is about 15 cwt. per hour. 
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Heating and Moulding . — The heating of the crushed seed or 
meal facilitates the expression of the oil, helping to ruptute the 
cells in which the oil is contained ; moreover, the viscosity of the oil 
is reduced so that, on pressing, it flow« away more freely. Heating 
also coagulates the albuminous matter which is rr^vained in the 
press cake. Frequently a little steam is admitted direct into the 
kettle, not so much to heat the meal but to improve its condition 
and to f{},cilitate the flow of the oil ; the supjfly of steam must be 
carefully regulated, as excess retards the expression of Ithe oil. 
1|^he time and temperature may be twenty minutes and 170^-180° F. 
respectively. The in flow of dry meal and the withdrawal of properly 
c()()k<Hl meal forms a continuous ijroeess. The meal is immediately 
rough-Jiiouhhid in a machine 


suitahh; for the press in use, 
and the slabs are transferre^d 

to the press as (piickly as th(‘y |||| jji ||j | 

] dressing. — In the Anglo- I EfJLJ ] 

American press tlu' 8])ace be- ^ 

tween the ram and the to]) y)late? . , 

is provided with a number of 
ii’on j[)lates (ten to twenty), ^ || 

susj>ended evenly one over the * 
other. Between tlui y)iates are I 

phuiod cakes of unifoi’iu siz^^ as | 

they come from the moulding 
machine. On th<^ application 

of pressure the plates are for(;ed — I Lm. T W ifL 

together, thus squeezing the !| 

oil from the meal and causing ^ 1'" iL 

its exudation through the cloths |]| |[| |||['| ||||| |l || 

surrounding each cake. It has |f If || — 

been found in practice that the 

expression of the oii depends ^ 

more upon tho previous pre- 
paration of the material than 
on the actual pn^ssure dc- • 

veloped in tht) press. On tht^ release of the pressure the plates 
all again into correct positions. The presses are designed for 
a pressure of tw<i tons per square inch. The columns are of mild 
s ee , and the press h is a large receptacle for th(? expressed oil, 
rom which the lattej- is conducted to underground tanks. The 
plates may be supported by racks, or by links as in the figure. 

e press is undoubtedly efficient. It is simple and, running in 
conjunction with the modern meal-moulding machine, is easily 
and quickly loaded. It is rap*lly unloaded, but the stripping 
press-bagging from the cakes may involve considerable 
special machinery may have to be installed for 
mechanical stripping. .The presses are best adapted* for dealing 
la seeds containing a moderate amount of oil. The eak^ Tnftnl 
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is pressed only on two sides and not around the edges. The plates 
are often corrugated so as to prevent, as far as possijble, the meal 
from spreading ; this is occasionally successful, but not always so, 
with seeds of a high oil-(H)Iitcnt. For seeds containing a high 
percentag(i of oil a box-cage type of press is preferred which 
permits of a greater pressure being appli(‘d to the meal. The 
])rcss cakes are the linseed cake of cattle food. 

The Solvent Extraction Process. -The fi-lO per cent of oil left in 
the press cakes is not a loss to the crusher, bt‘cause the nu^al from 
whi(^h the oil has been completely extraei(‘d is f(‘d direct to cattle 
without njquiring dilution with bran and other material, as is the 
case with ordinary pi*(vss cake. J^'ormerly there w^as difficulty in 
getting rid entirely of jill the tracn^s of the solv(*nt both in the 
meal i*(;sidu(i and in th(‘. oil ]>roduct. The extraction ])rocess is in 
much m«re general use in Northern Euro})e than in England, 
bec&use the farmers there ai“e moi-c; accustoim'd to use feeding- 
stulTs in the form of meal, while in England linseed cake is genc^rally 
preferred. ' 

Messrs. C. Scott & Sons, Ltd., London, supply an oil extraction 
plant in which specially disjtilled petroleum is used as solvent and 
the extraction is carried out at 1 10° C. Benzol was formerly used 
with satisfaidory n^sults, and ,the extraction performed at the 
ordinary tem|>eraturo. Messrs^ Scott claim to produce an oil and 
meal free from solvent and water.. It is of great im])ortance to 
have the'meal in a proper condition Ix'fore being brought in contact 
with the solvent. In the cjontinuous extraction process the descend- 
ing stream of oil and solvent from the meal is met by an ascending 
current of steam, so that petroleum or benzol is carried away with 
the steam. The working charges (iro low, although in pi'e-w^ar days 
the total manufacturing costs under the extraction process were at 
least 50 per cent greater than under the hydraulic system, but 
this stat^ement has been challenged, and the extraction process is 
n6w given as 2s, 6d. to 8s. per ton cheaper than the hydraulic. 
The coaP required per ton of raw material with a benzol extraction 
may be set down as from 2-8 cwts. and the loss of benzol at IJ 
gallsf.per ton of seed treated. 

The statement by Mastbaum ^ that the extractcKl oil dries 
slower than the i)rcssed oil must be actJc^^ttHl with reserve. In 
the pressed oil it was suggested that the more fluid glycerides, 
i.e. the unsaturated glycerides, would be expressed first, but since 
linseed oil contains mixe^ glycerides such a differentiation is, not 
possible. 

C. F. Eddy ® in a summary of progress in the solvent extraction 
of oils states that in five normal years before the war a solvent 
extraction plant for flax sped gaye a net return of $1 *60 per ton 
of raw material more than that from a pressing plant. 

The use of proper apparatus has greatly reduced, if not eliminated, 
fire hazards'^ dangerous poisoning to workmen, and solvent losses. 
The process which is best for one oil seed is«not necessarily the best 
for another kind^ The removal of the last traces of the solvent 
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l)y steaming the meal is considered to incrtuise the feeding value 
of the meal.. The expulsion of the solvent from the oil by Warn 



^ ‘Irtth p*"'* <lei|li!ne(l Iiy Mnwre. Scott, suitable lor 

nnstcu, with a capacity ot about tons of seed per week of 140 hours. 


is ooMidered by some to destroy the characteristic odour or flavour 
leaving a neutral or flat taste. Mashiro Aida» has discovered 
test tor nimute Quantities of Detroleum sTiirit in rtiia 
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Refining of oils is said to be simplified by treating them dissolved 
in thd* extraction spirit. The writer has observed ^hat the acid 
value of linseed oil obtained by the extraction process is con- 
siderably grcat(u* than that *of the pressed oil. Eddy concludes 
that, with iifiprovcTncntH constantly being made in ptocesses and 
apparatus and with the light that is being thi‘own on the subject 
by careful study and discussion, the future of the vegetable oil 
industry lies in the adojrtion of the extraction process. 

A new pro(^ess has been patented by Bt'llwood in which the 
meal from the crushed s(‘ed is subjected to dry heat and no steai;n 
is admitted, so that all the water in the material is expelled. At 
the sarru! time, instead of slow agitation as employed at present, 
rapid agitation is resorted to and the meal is converted into a 
semi-fluid, and a, laj'ge ]K‘reentage of oil is separated when it is 
passed into a centrifugal s<‘])arator of the continuous type, kept 
at fne same teni]rerature as that of the cooking vessel. It is esti- 
mated that 50 per cent of the oil is removed by centrifuging, so 
that a reduction in the usual pressing plant is possible, as also in 
the cost of bagging before hydraulic pressing ; moreover, there 
will be a reduction in the amount of solvent requisite if the 
extraction jjrocess be used. Where the oil is liable to oxidation, 
the cooking vessels are covered, in and connected with a vacuum 
pump. 

In the case of ])alm kernels and co])ra containing 50 per cent 
and 68 per cent of oil, the c(‘ntrifugiug process removes 38 -5 per cent 
and 50 per cent of oil respectively. The succe^ss of the method 
depemds on complete elimination of water from the meal, because 
a small amount of fuoisture causes the semi-fluid mass to solidify 
immediately. Th(‘ diffieulty to b(^ ovenjomo in -the process is that 
of ^esignjng a cbntrifuge which will work continuously on different 
kinds of material. 

.Refining of Linseed Oil. — Linseed oil after extraction from the 
“ meats ” in the pressing process contains foreign matter called 
“ foots derived from the seed. The more unripe and the damper 
the seed the greater is the quantity of the foots. They are remov- 
fifble *ay settling, filtration or centrifuging, but the separation is 
slow and the oil is im]jrove<l by tanking, even after careful filtration. 
The foots aro jiartly albuminous and partly of a carbohydrate nature. 
The former elements are generally removed in the first stages of 
tanking and filtration, whereas the latter require ci heat or special 
treatment for their separajbion. The water in the oil derived from 
the steaming of the Iins(^('d meal during the crushing separates out on 
tanking incompletely, because some is retained by albuminous and 
carbohydrate mucilage, which is itself soluble in water. When linseed 
oil is heated rapidly to 26Q° C. (5p0° F.) the moisture is expelled 
and the mucilage of carbohydrate^'character separates as gelatinous 
“ spawn, ”‘o^ the oil “ breaks.” The oil may semetimes be darkened 
owing i)0 charring of the mucilage. Generally the colour is improved 
if a well-m,p.tured oil is heated, as the mucilage in its gelatinisation 
extracts much of the colouring matter. The quantity of mucilage 



EXTRACTION, ETC., OF LINSEED OIL 


69 


varies with the nature of the oil and with its age. Young and damp 
oil gives more mucilage on heating, since the tanking asskts its 
deposition. *If linseed oil be heated slowly up to 500° F., the 
sc'.])aration of the mucilage is retard(wl, possibly due to increasing 
viscosity o^ the oil during the slow heating ; on tlje other hand, 
if the oil be allowed to cool very slowly, part of the coagulated 
mucilage redissolves or cannot be separated by centrifuging.* 

Mucilage. — The foots which sc^parate out on heating contain 
914 per cent oil and 8-0 per cent dry mucilage. Thompson^® 
fpund that a sainple of freshly expressed oil heated to 400° F. 
gave 0-277 per cent deposit ; tliis ligurc is misleading as to the real 
amount of mucilage present, since much depends on the condition 
of heating. The writer finds that in testing linsticd oil by the 
breaking tevst, if tlu^ oil ])e heated to 260° ('. in a test tube, allow- 
ing a rise of 50° C. per minute and centrifuging one hour after 
heating while the oil is still warm, the percentage of mucilage in 
the case of a good oil may vary from 3*6 per cemt to 4-6 per cent by 
volume. If the oil be allowed to stand overnight before cc%itrifuging, 
the amount will fall to 0-3 imv cent or even to nothing, showing that 
either the mucilage had dissolved again ])artly in the oil on cooling, 
or that its degree of dispersion had Ix'cn piodified. Thompson 
found that the mucilage (0-277 p(u- (;cnt of the oil) contained 47-79 
pf-r C(mt ash (0-117 per cent of th^ original oil), consisting of 20-96 
per cent CaO, 18-54 per cent MgO, and 59-85 per (^ent PA- Ingle 
giv(5s to the imnulage a (joptent of 14-9 per (-ent ash, of which 2-7 
])(‘r cent consisted of phosj)hat(5S (PgOs). The conij)osition of the 
mucilage; Tiuist depend on whether tin; oil has undergone a preliminary 
refining process previous to despatch to tin; user, or whether both 
albuminous and carbohydratt; inucilage are present. The writer 
has found alumina and sili(;ates in the ash obtained from the spawn 
of commercial linseed oils. The stakuYicnt that oxidation of*the 
mucilage occurs before that of the oil requires confirmation, as 
well as the statement that the li.sh-like smell of certain linseed bils 
is due to the oxidatjon of the lecithin present in the a!i)uminous 
matter in the oil. Thompson found that the spawn contained less 
than 1 per cent nitrogen, and owing to tJie large amount of»bas^s 
j)resent he do(;s nf)t (jonsider the assumption of the presence of 
albuminoids to be in acjcordance wo’th the facts, or that the phos- 
phorus present esm be dm- to lecithin. In the writer’s experience 
Imseed oil of goq^ quality as supplied from tlu* seed crushers contains 
no mtrogenous mucilage. • 

non-nitrogenoUi'f “ hops ” is indicated by 
u tjbtained a water-soluble mucilage, reacting acid, of 
w n V he ascribed the formula (C 6 HjoOb )2 

or a galactose and pentosane substance, from which 
dextrose, galactose, arabinose% and xylose were obtained. The 
mucilage contained, calcium, magnesium, iron carbonates, and 
pnospnates in considerable quantity. • 

on drying oils is to cause a slight increase in the 
specitic gravity and acidity of the oils (Circ. 60, Paint Mfra. Assoc.). 
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Neville has investigated the ash from the water-soluble mucilage 
of linceed. It was extracted from the seed by cold water and its 
content was 6*28 per cent of the seed treated. If the extraction 
be performed by 1 per cent sulphuric acid, the amount of proteid 
matter obtaipt^d is greater, whereas water (;xtracth;)n yields a 
solution which gives only a slight precipitate with phosphotungstic 
acid reagent. The carbohydrate precipitak^d by alcohol from 
aqueous solution is insoluble in all organic solvents. The 
aqueous solution gives gelatinous precipitates with salts of heavy 
metals. Neville considers that this wakr-soluble mucilage is well 
described by the term muco-cellulosc of Cross and Bevan, being 
a carbohydrak^ showing all the chara(;ku*istii^ of hydrat(‘d cellulose. 
Like Hilger, he was abl(‘ to isolate derivative's of the galactose, 
pentosanei sugars. Tlie ])resenee of mucilage in linse(‘d oil is a 
factor which is often overlooked. The actual weight is minute, 
bukits oil absor])tion is v(‘ry high, as well as its power to absorb 
water. Its projKirti(‘s in solution in oil arc comparable with those 
of gum-aikbic in water. This absorptive ])ower for the medium 
and for the substane.es dissolved or contained therein has its ad- 
vantages and disadvantages. Suspended material settles slower 
and the prc^scnce of water, held by th<^ jnucilage, has an emulsifying 
action which retards or may prevent the brightening of a mixing. 
Its effect on the drying ])ower'' may bc^ detrimental by reason of 
the nature of the mucilage, but at the same time it may act, as 
in the case of gum-arabic^, as a protectiye colloid for metallic driers 
and so be a ju’omoter. Generally its presence may be considert^d 
as detrimental to good drying, due mainly to its watei-absorbing 
powers. 

There are several methods which may be used by a varnish 
maker to remove mucilage from oil. One is by filtration of the oil 
thfpugh fullers’ earth, or by agitating therewith and allowing the 
oil to clarify on standing. The removal of the mucilage by breaking 
thfe oil a^ 260° C. is only possible w hen centrifugal plant is employed, 
because iiltration of the se])arated mucilage ig too difficult. Other 
substances have the same power as fullers’ earth, viz. borax, fused 
t^diuen carbonate, slaked lime, magnesium oxide, litharge, and zinc 
chloride (the oil requines subsecpient w^ashing to rc^move the hydro- 
chloric acid formed), dried white copperas (ZnSO^, HgO), zinc resinate, 
calcium resinate, and calcium carbide. Tainti and Hauff recommend 
a trace of slaked lime to l)e used. Charles de la Jloche claims for 
calcium carbide. M. Ekenborg^’ removes mucilage by heating 
the oil with glycerine and alkali hydroxide at 100° 0. and above, 
whereby a neutral soap separates. For further information and 
full details as to the refining of oils reference may be niade to 
Lewkowitsch (loc. cii.) and Chalmers {he. cit.). The following details 
will give an idea as to the practicability of two of the methods : 

ISO.galloiis of linseed oil were churned for nine hours with 90 lb. 
of dried fullers’ earth (it is advisable to dry the earth before 
using because it is more efficient in 'lhat condition). After 
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one montli\s settling the oil tvas drawn ojfT and subjected to 
a breaking heat test. No mucilage separated. 

162 gallons of linseed oil were mixed with 18 gallons of linseed 
oil in which 10 lb. of zinc resin^te had been dissolved. After 
a month the oil was drawn off, leaving 5 gallons of cloudy 
resicfue. On testing for mucilage Jby heatihg to 200° C. 
nothing separated, but there was a slight darkening of the oil. 

The writer maintains that it is pr)ssib]e to prevent the breaking 
of oil on he‘ating and to remove the mucilage by (churning with 
j^olutions of (H'rtain salts. The concentration of the salt must be 
considenMl and must not (‘Ae('(‘d 10 per cent. Ten ])er cent solutions 
of sodium chloride and aluminium sul])hat(‘ an^ most suitabl(\ 
Sul[)huric acid (1 in 10) can also be u.sed. Ten per cent ammonium 
alum or 10 ])er c(‘nt aluminium sul])hate cause a cnagulation of the 
mucilage so that tli(‘ oil does not brighten (‘asily. It is advj^sable 
to give a tit^atnunt v\ith a second quantity of the salt solution, 
so as to (uisurc the complete separation of the foots. It is un- 
ne(;('ssary to give the oil a washing with water, and it is inadvisable 
to do so because of persistent cloudiness. 

It must b(^ pointed out that some f)f the processes suggested are 
essontiallv moisture-removing, e.g. sulphuric acid, calcium carbide, 
and whit(^ co])]X'ras {ZnS 04 , ; some in which th(^ adsoiq^tive 

power of tlu' substance added is the active factor, r.jy. fullers’ earth, 
which in addition to nunoval of mucilage exercises a decided bleach- 
ing action ; otliers, e.ij. atjUon of lime and calcium and zinc resinates, 
probably act in ])re venting the breaking by virtue of their specifically 
alkaline or acJd reactions. The action of dilute solutions of salt 
and ammonium sulphate ai*(5 jwobably methods by which the carbo- 
hydrate mucilage is acjtually dissolved out of the oil. It is doubtful 
whether the mucilage is completely removed by any of the processes 
mentioned. Generally the treatment of the oil by any of the 
8])ecial chemical methods is not encouraged, becausft of tfi^ir 
ex])ense, and tanking or treatment with fullers’ earthy is on the 
whole preferable. In many varnishes the presence of mucilage is 
not noticeable, but in sp(H*ial mixings it (ixercises, as indicated on 
the previous page, deleU'rious effects in retarding the se tiling of 
driers, softening the filiij, and in absorption of moisture during 
drying in th(> air. 

Bleaching of Linseed Oil. - The paler the linseed oil the paler 
the varnish olileined. so that the importance of, processes to give 
a colourless oil withe *ut damaging its properties is great.! 

,(a) 'tillers' Karih Method .. — ^This method is extensively employed 
in England, America, and Germany. It is advisable* to dry the 
earth before adding it to the heated oil. The oil is allowed to 
settle, and is then filtered. !>t is possible to regenerate the spent 
mllcrs earth by extraction of the oil by a volatile solvent and 
heating to 400° G. to expel water and solvent^* The activity 
IS only slightly reduced bj^ the regeneration process. Generally 
the amount of earth used is carefully controlled, so as to avoid 
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unnecessary regeneration of spent earth. Fullers’ earth (magnesium 
aluminium hydrosilicate), although valuable for bleaching vegetable 
oils, is of little value for mineral oils. Deposits have been found of an 
aluminium hydrosili(;at(^ which possesses a bleaching i)owcr superior 
to fullers’ earJbh.^®, It is stated to absorb 45 per cent f'O bO per 
cent of its weight of oil, whilst fullers’ earth, ferroc^T^anide residues 
and decolorising carbon powder, absorb 100 per cent to 200 per 
cent. Oils bleached by this earth darken less on heating than 
oils bleached by fulltTs’ earth. If a preparatory sulphuric acid 
treatnumt is em])loyed, it is necessary to remove^ the excess of 
acid bcfor(‘ bleaching with the aluminium hydrosilicate, otherwise 
the action is completely inhibited. The addition of a certain 
quantity of the prepared OtTJuan earth to ncmtralise the excess 
of acid jirevious to the addition of the main quantity is necessary. 
The earths Fj'ankonite, Silitonite, and Tonsil are the most 
efficient. With linseed oil 5 per cent to 10 per cent Silitonite 
(F. and S.) will give an almost water-white product. The oil is 
heated to 00'" C. and then agitated for forty minutes with the 
bleaching earth. It is claimed that light mineral oils (s.g. 0'850) 
of a yellow colour can be bleached in thirty to forty minutes by 
3 per cent to 5 per cent of the bleaching earths at a temperature 
of 80° C. Similarly heavy rYiachine oils can b(' bleached to a straw 
colour by 5 per cent to 10 per cent of the earth at 120° 0. 

The fullers’ earth process gives the finest and ])alest varnish or 
artists’ oil. 

(b) Sul 2 )hunc. Acid Method , — One per cent sulphuric acid of 
66 Be. is added to th<^ oil slowly with agitation. After agitation 
for a sufficient time, the mixture is allowed to settle overnight ; 
the clear oil is then drawn off, agitated with water, and finally with 
steam. After settling, the washing is repeated. Such oil contains 
a little freb fatty acid. The stren^h of the sulphuric acid may be 
reduced to 15 per cent. 

^c) Cakslic Soda Method . — Linseed oil is agitated with 3^ per 
cent of iti weight of a 15 Be. solution of capstic soda for about 
half an hour or more. The mixture is then heated to 100° F. and 
copied, .to 70° F., allowed to settle, and the clear part drawn or 
sijmoned off, whilst the residue is filtered. To the clear oil 7 to 8 
per cent of its weight of fullers’ earth (dried) is added and the 
temperature raised to I50°-1S0° F. with constant agitation. After 
half an hour's agitation at that temperature tips bleaching is 
complete and the> oil is filtered. 

This process makes a very pale oil, and if afterwards sun-bleacKed 
it yields th,e palest linseed oil obtainable. Sun-bleaching makes 
little or no difference in the colour of varnishes made from the 
oil, Iwcause on heating it suffers a darkening to give products of 
the same colour as if the sun-bleachMig had been omitted. 

(d) Bichromate Method . — A German process, for oil to be used 
for amber vas’nishes is described by Sabin (p. 41). 1000 lb. 

of linseed oil previously heated to 100° F. is treated slowly with 
a bleaching solutipn made from 12 J lb. of sodium or potassium 
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bichromate dissolved in 60 lb. of waW to which 3| lb. of manganese 
dioxide have been added, and while hot 30 lb. of hydrochlomc acid 
are jjoured in. The mixture is agitated for half an hour or longer 
and allowed to stand five days (summer) or ton days (winter). The 
clear oil is ^rawn off and tanked for two months (symmer) or four 
months (winter). 

The above is an instance of many chemical processes which have 
been proposed ; e.g. bleaching by use of : MnOg and HCl ; KMn 04 
and HCl ; K^CrgO, and HCl (all these give chlorine)*; super- 
oxides and dilute HoSC^ ; calcium carbide, oxygen and ozone. 
Th(^ last is becoming more popular in view of improvements in 
the ozonis('d air plants. 

Bleaching with Ozonised Air.— Linseed oil may be bleached 
by ozonisiMl air to an abnost colourless oil. The general typo of 
tub(‘ employed in the construction of these ozonators is illustrated 
in Fig. 20. Alternating electric (!urrent for the operation oi this 
ma(;hine is first led to a transformer where it is stepped up to a 
potential of about 10,000 to 12,(K)0 volts. One of the transformer 
leads is then brought to the busbar of the jnachine and the other 
to th(^ frame, so that a complete circuit ma}" be traced from the 
transformers through the iniUT cylinder, across the air-gap and 
through the glass tube, whi(;h forms the dielectric, to the copper 
plating on the outside of the glas.'Vtube, which in turn is grounded 
to the frame and then back through return leads. As the high- 
voltage (iurrent passes through the air-gap, it does so in the form 
of brush dis(!harge which forms a purple ring completely filling the 
annular opening. This is not a sj>ark, but a true so-calk'd “ silent 
discharge,” although as a matter of fact it is accompanied by a 
rushing sound. The copper tube which is shown surrounding the 
glass tulx^ is employed for the protection of the# glass, and while 
entirely non-essential as far as the o|xu*ation of the ihacliiite is 
conccTned, it is of great practical importance, preventing the 
frequent breakages and shut-do'vns which would occur in cases 
where the glass surfaces were left exposed. The Avater shown 
surrounding the tubes is employed to keep down the temperature, 
which becomes high when the machine is working. In this tyj^e 
of ozonator the generating tubes are mounti^d in a casing so formed 
as to provide a chamber at each end of the o])en tube. Air is 
admitted, under light ])ressure or subject to suction, into the chambers 
at one end of |he tube, and passes through the brush discharge 
and the annular space between the inner and the*ouU>r electrodes. 
A portion of the oxygen of the air is oiKonised and the ozonised air 
is conducted through piping to the point of applicatiqp. All the 
air going into the generating chamber is passed through trays with 
bottoms of wire gauze filled with a layer of calcium chloride, so 
as to dry the air and ensure sflijcessfifl operation of the ozonators. 
The actual amount, of ozone which can be generated in a tube of 
this kind is nearly proportional to two factors — name>y, the voltage 
and the frequency of the electric currept forming the discharge. 
The practical limit of* voltage has been found to be from 10,000 to 
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12,000 volts, the limitation being caused by the difficulty of securing 
adequate insulation Avhen this is exceeded. Most of th# sniall 
outfits are o]Ka*ated at a frequency of GO cycles. On medium -sized 
])lants 133 cycles is often used, thus securing the double output 
from each iuhv. Up to now the highest frequency f(mnd in practical 
use in the hiT’gest installations is 500 cycles. For treatment of 
linseed and similar oils for bleaching, bodying, and solidifying, the 
oil should bi‘ treated in a mixer in which it is continually agitated 
by nnolving i)addles. Rubbling ozone through the oil is un- 
satisfactory and recpiires much longer* tinu^ for results. Ra]iidity 
*of thi(ikening d(‘])('n(ls on the bmiperature at which the oil is treatecl. 
Raw oil tj’cated at C. thiektms rapidly, but the oil becomes 

darkened. Wlu'ji run at temperature below 40” C. the thickening 
proceeds more slowly and eight to t(‘n hours are requir(‘d for 
solidification, but the oil is bleached. For bodying paint or varnish 
a ti'catment of six hours is usually siiflieient. For linoleu^i the 
aA(Mag(‘ tr(‘atm('nt is eight to ten hours.'^ After treatment with 
ozonised air (Ozonair ])lant) for twenty -fo\ir hours a sample of oil, 
to which a trace of mangam'se^ drier had been ])reviously added, 
was almost colourless and gave the followdng constants compared 
with those of linseed oil : * 



S il 

Viscosity. 
|(Uyccrim‘ — lot) J 

I V. 

\ci(l 

Viiliic. 

Drying Time. 


• 





oil 

Alinosi f'olourlcss 

00.32U 

«-88 

183-5 

0-075 

Woi in 0 days 

ozonised oil 

U-0470 

lO-Sf) 

170 

3-8 

Ilry in fi days 


1 1 is evident that specific gravity, acidity, and viscosity have all 
risen, but the iodine value has f alien slightly although "the drying 
tiiiK) has iin[)roved^ as is the case with boiled oil. Thif^ method is 
more proniising than where the bleaching is effected by addition 
of chemicals. RidcTenec inay be made to 1 he many patents described 
in the Journal of the Society of Chemical Industry under the heaefing 
of the Rleaching of Oils. * 

The following note!> show the effect of ozone treatment on 
various oils, fi^ts, and w^axes (Ozonair, Limited) : Tung oil is easily 
thickened, but the investigation as to bleaching* or deodorising is 
not complete ; cott(jn seed oil bleaches fairly easily according to 
grade and quality, but requires subsequent treatment for deodorisa- 
tion and improvement of flavour. Olive oil bleaches very easily, the 
darkest varieties known as “ Sulphur ’’ are bleached to the ordinary 
olive colour; poppy seed oil%an be* bleached without thickening, 
or bleached and thickened to a syrup. It thickens less readily than 
hnseed. For edible purposes it requires subsequent treatment, 
ooya oil is bleached fairly easily according to grade and quality, but 
requires subsequent treatment for deodorisation. Lanolinc is easily 
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bleached, bxit Carnaiiba and ivfontana waxes are not. Beeswax 
may bit siiccjessfully bleaelied, but only the ease of the darker 
varieties. 
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CHAPTER V 


OTIIKR I>RYIN<} AND SKMI -DRYING OILS 

1'iiE ^loss and diir’ability of linscH'd oil films arc much improved 
by admixtuj’c with its polymerised forms. ‘ (V)atings of rosin and 
linst'od oil are moistiin^-ahsorbing, (^v(^n after the unsatifi’ated 
glyceride's have a])par('ntly transformed into linoxyn, and 

afk‘r a time^ show on ex])osure- a jiooriuiss of lustre and a tendency 
to fine cracking wliich is dependt'nt on the resin content. ‘The 
durability of th(^ polymcrisecl linseed oils neutralises this failing 
only partially, and it is b(R'oming more and inore the custom to 
incorporate with linseed oil otl^cr drying oils, especially those 
which are easily ])oIymerisable and of grc'ater rapidity of drying, 
whereby the linoxyn (;ontent is rapidly incTcascd so that it may 
provide a dim rc'sistant the weather. \ The chief of these oils 
is (/hina wof)d oil, which gives a tough film of high gloss and allows 
of th(^ use of T’osin, instead of copal resin, provided that proper 
pj'ccautions as to mixing and (‘oncentration are taken, j 

('fiiNA Wood Oil (Tijn(3 Oil) * 

(^hina wood oil is extracted from the nuts of severij varieties 
of Aleurites, of which Fordii and corduta are the most important. 
The pod or nut is »f a]iple-gnHm colour about the size “bf a small 
orange, and contains usually three or five seeds resembling shelled 
Brazil nuts, but much smaller. The oil from Aleurites Fbrdwis 
identical in chemical composition with that*obtained from Ahurites 
cordata. The Tung-^ii-shu (Tung oil tree),* Aleurites Fordii^ 
is indigenous to Central (/hina throughout the Yangtse Valley 
from Ichang w^stwf.ivLs to Chungking. In the wild state thfe tree 
seldom gi’ows more Ilian 1 5 ft. with g. spread of 12-18 ft., pro- 
ducing on maturity an average of three hundred fruits annually 
of from fifteen to eighteen to the lb. when dried. The tree is highly 
ornamental in foliage and flowers, suggestive of possibilities for 
shade-tree purposes. When cultivate the trees will reach a height 
of from 20 to 25 ft., with a fljiread of 30 ft., and after eight to 

* Aleurites montana (Mu-yu-shu, wood oil tree) has a hard and woody 
ripe fruit, hence the name wood oil tree. Tho name Tung is applied to 
^^ral widely distinct t«ees having largo heart-shaped leaves ; among them 
IS i aulowma, of which fom* or five species occur. 
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ton years will produce an average of a thousand fruits amiually. 
In ver^' wet years and in favourable localities the proportion of 
female to male flowers will be one female to five or seven males ; 
in dry years as few as one feihale to twelve to fourteen males. It 
is (essentially 1* hillside tree, thriving in the most rockt situations' 
and on the ]>oorest of soils, where there is a minim iiiti of 29 in. 
of rainfall. Jt will stand drought as well as a few degrees of frost, 
but the young fruit is veiy sensitive to frost, which often destroys 
or malforms them.* In 8.W. (bina, exttuiding to Thibet, the 
pre])onderating s])(‘(;i(‘s s(‘(ems to be Al. cordala, differing but little 
froui Al. Fordii. In S.E. ('hina AL triloba and hybrids of the 
sp(;ei(^s with cordata and Fordii are ])l(uitifiil. In the Phili[)j)ines 
Alejnrikfi molurcana and trkperimi (Lumbang oil) an* found. A 
new variety lat(‘ly diseovcTed in S. (-hina having more* females 
than males has been graft'd on AL Fordii with success. Jn rlapan 
AL 'ikrnkia (A. cordata) alone s(‘ems to thrive (see frapanese wood 
oil). The seeds of AL Fordii ai'c treatt^d by ermh* native jnc'thods 
and the yif*id is 40 ptu* cent from an oil -content oi 52 ptu* cent (the 
average yield from the whole fruit is 17 ]X‘r e.(‘nt). The. Chinese 
method of extraction is of interest. The fruit is gathered and juled 
in stacks, covered with straw or wet gi’ass and allow(‘d to ferment 
until the flesh is easily n'rnove^l. Tin* partly decom])os(‘d husk 
is used as a h^rtiliser. The oil extracted from th(‘ seeds is pale 
in colour, but the moisture content and acidity ar(* high. In other 
districts the husk is removed by roasting tlu^ fruit in shallow iron 
pans until it bursts, when the nuts are s(^parated by hand. The 
dry husks are used as fuel and the ash sold to the native potash 
maker, who extracts the potash by crude methods. The (ul 
obtained by this method is darker in colour, particularly if too great 
hea^ has been eib ployed in the roasting. In either case the final 
treatment is the same, viz. : the nuts are ground to a coarse 
meal in a* crude stone mill worked by buffalo power. The meal 
is roasted slightly and then steamed by being placed in wicber 
baskets sflspended over boiling water. It is •then placed in vats 
and allowed to drain. The meal is prepared for the presses by 
placing it in crude iron frames with straw packing outside. About 
sixty of these frames tare stacked in antiquated wedge presses, 
and pressure applied by a system of driving in wt*dges. Thc^ oil 
drains out through the straw and drops into a pan at the bottom 
of the press. The oil is prepared for shipment hy^ being run into 
wicker baskets lihed with varnished paper, and shipped to Hankow. 
The crude oil is refined by the merchants, who run it into vats, 
heated by steam coils to expel as mmdi moisture as possible. After 
being pumped into settling tanks so as to remove refuse, the clean 
oil is drawn off from the t^»p ; ttyj? constitutes the “ f.a.q.” of 
commerce. The refuse is returnee^ to the dealers, who sell it to 
the natives to be mixed with gypsum for oaulking junks and 
sanpafts. The worst part of the refuse is burnt for Chinese ink. 

■Aleurit^^rmntana from Mu-yu-shu (wood oil tree) is common 
in tl^e regions around Wuchow to the west of Canton, whence 
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it is exported to Hongkong. The oil cake is jjoisonous and can 
only bo used as a fertiliser. The blending of the oils from dMerent 
varieties of Aleurites is common, as well as of different grades, 
and leads to complications which may be illustrated as follows : 



l.V. 

ColDur. 

SjH'fjflc (Jra\it.v. 

lirlatlnisatirin. 

Aleurites Fordii 

17:{ 

Aml>ot- 

0-942 

CViinpliito 
on Itoaiing 

* Aleurites irilohft 

! 

140 

Alinosl whito 

0-925 

i 

\'(iry slight 
gchitinisation 


Buyers must safeguai'd themselves against adulterat(‘d oil, as it is 
a eommon pi tiee for the natives to mix in ehea]){‘j‘ native bean 
oil. Aleurites Iriloha mix(‘d Avith ])(Tiila oil gives an enanibl of 
great excellenee and paleness, Avhieh is elaimed to bi* sujierior to 
those produced from linseed oij. 

Hankow is th(' chief ])ort of export and 80 per cent of the 
oil is shipped therefrom. A little goes through 8outh China to 
Hongkong, bui this is not held in such high repute. 

Japanese wood oil ( Elaococra nernlcia or Aleurites cordata, E.Br.) 
is of less value than China woixroil from Aleurites rnontana and 
still less than the oil from Aleurites Ford Hr It is similar to tung 
oil, but gelatinis(\s less rea^lily. 

Aleurites cordata from the Eukui jrrovince of Japan gives fruit 
consisting of shells, 37 j)er cent, and kernels, 03 i)ei* cent, containing 
51 })er (;ent of light golden yi'llow oil, which ])ossosses the following 
constants : T.V. 150-2 (Wijs) ; 154-2 (Hiibl) ; Sap.V. 193-2 ; Acid 
Value, 0-9; 8p. Gravity (15-5^' C.), 0-9342; Wd 2 .'?'c. lAjlSl. The 
oil can be used to a considerable extent for the same purposes 
as China wood oil.^ 

,;Tung oil has the following uses in China : 

(1) As a paint od for outside work. 

(2) The cruder grades of oil are used on native boats as a paint, 

varnish, and pr*eservative, all in one. • ^ 

(3) With the additiem of the minerafc substances t’u-tsz ” 
and t’o-shen-shin ” it starves as a waterproofing varnish for silks. 

(4) As an adulterant of lacqu(*r varnish. 

(5) As an illuminnt. 

(6) When mixed with lime and bamboo shaVings it is used 

tor caulking native boats. * 

Ghinese'^'^k burnt wood oil produces the fMJst quality 

(8) As a dressing for leather and varnish for furniture i 

Kecently the cultivation Aleurites Fordii has been under- 
taken in the Southern States of North America. In 1914 forty 
ousand trees were in cultivation and the results were satisfactory, 
experiments are being conducted in India (Raw Materials 
ttee, Imperial Institute, ! 920) . Possibly the trouble respecting 
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the unsuitability of the cake a>8 a cattle food will be overcome, 
and tke application of modem methods of crushing and refining 
on the spot will stimulate the cultivation of Aleurites. The 
development of the extraction method for obtaining oil from seeds, 
together with\siiitablc previous preparation, will give much larger 
yields of extracted oil than is provided by the crude native treat- 
ment. In 1 90(3 the export from Hankow was nearly 29,000 tons, 
and the amount does not seem to have increased as much as would 
be expected, as shown by the export figures for 1914-10 : 

1914. kmB. 191U. 39,000 tons. 1918. 29,300 tons. * 

1915. 18,100 „ 1917. 24,100 „ 1919. 30,500 „ 

It must be remembered that the conditions are different now. 
Between (31 and 79 pei* cent of the ex])ort goes to thc^ U.S.A. The 
literature on tung oil is very extensive (Index to Patents, Technology 
and %Bibliograj)hy of China Wood Oil, A. H. Stevens and J. W.‘ 
Ai’initage). 

; Tung (41 has marked peeuliarities differing from linseed oil in 
the following respects : it dries in about two-tliirds of the time 
of linseed oil, giving a film ^which is white, dull and opaque, and 
crinkled. ' These effects are much reduced in the presence of driers, 
but they are especially marked if the drying be retarded in a gas- 
ladcn or foul atmosjihere. The s&’face puckers or webs and becomes 
matt with a finely-radiating crystalline appearance. Often the 
film becom(‘s uniformly opaque like grpimd glass. If the drying 
be performed at temf)eratures above 80° C. in a good draught 
the film is transpai’ent and smooth. The webbing and fine cracking 
are due to unequal volume changes in the film on surface drying. 
The matt surface may be duo to the formation of the solid isomer ; 
such lan isonuir is produced when wood oil is exposed to light. * The 
ery^alline stereoisomer, a monomolecular glyceride of /f-elaeostearic 
acid, IS rapidly oxidised to an amorphous white peroxide.^ Another 
peculiarity is the rapid gelatinisation of the oil. When heated 
to 282° Ci for nine minutes (Browne's heat tc^st) it sets to a hard 
transparent jelly. This property is used for the detection of 
injpurities in the oil, and it is stated that the addition of 5 per cent 
of another oil, e.g. soy^i-l^ean oil, will retard the gelatinisation at 
the above temperature.® The gelatinisation is due to polymerisa- 
tion, which differs greatly in rate from that of linseed oil. In 
Circulars 84 and 100 of the Educational Bureay, Paint Manu- 
facturers’ AssociSftion of U.S.A., are given the standards for tung 
oil as settled by the American Society for Testing Materials. 

The tahje on following page shows a comparison of the constants 
of linseed and Chipa wood oils. 

E. Ware * states that the detection of adulterants in China wood 
oil may be based on differences in optical dispersion. 

The preparation of the metallic salts deriv^?d from the oil haS: 
been refc^Tfed to in Chapter II. p. 39. Boiled with caustic alkalies 
it yields soaps which are granular in comparison with those ol 
linseed oil The alkali salts of a- and ^-elseostearic acid 
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Linseed Oil. 

Tung Oil. 

American Staydards. 

Specific gravity (15° G.) . 

0933 

0-9405-0-942 

min. max. 

. 0-939-0-043 

Wl. . . , . . . 

1-4831 

1-5174 (12° -5 G.) 

lftl5-l-520 (28° C.) 

Acidity 

4-0 as oleic acid 

1-475 (40° C.) 
3-3 

6% as oleic acid 

Saponification value 

197 

192 

190-195 

i. Value 

185 (Wijs) 

168 (Wijs) 

165 (HUhl) 

Percentage increase in weight 
on ("cposure to air 

17 {5 (SI days) 

13-5 (8a days) 

163 (Wijs) 

Heating gelatinisation test at 
• I'll:' ' G 

Several ^hiys 

12 minutes 


of which the two va.rieti(i.s of tiing oil are the glycerides, are crystalline 
substances, which are sparingly soluble in water, especially the 
/i-salt. Owing to the limited variety of components China wood 
oil lends itself readily to favourable investigation. The 8nly 
other component of the oil, except the ^^-glyceride, is olein to 
the amount of 10 to 15 per cent ^(Fahrion states that 2 to*S per cent 
solid acids are present, and M. Nonaka’ states that 2-5 per cent 
stearic acid is present). It gives no ether-insoluble bromide either 
as glyceride or when transformed into the corresponding acid. 
A solid tetrabromide of the same melting point has been obtained 
trom the a- and /f-acids, which is isomeric with the tetrabromide of 
Imolic acid. Ihe peculiar drying properties of tung oil must be 
(connected with the orientation of the double linkages in the molecule 
since it is isomeric with tlw glyceride of linolic acid (a much slower 
rying oil), which is present in poppy seed oil to the extent of 
00 per cent. ^ 

Linolic acid : 

CH3(CH,),CH = CH(CH3)CH = CH(CH3),C00H.» • 

ELmstearic acid : 


CH3(CH2)3f H = CH(CH2)2CH = CH(CH2),C02H i». 

tmr?'nn T'* property of tung oil is its rapid polymerisa- 

tion on being heated. Schumann » has put forward the idew tha* 

afterwards ^h. 

He discusses the methods of preventing coagulation which is a most 
undesnab e proi^rty, although the ra^id lIrmaZ’ otZ Ze^de 

of mu^ ^vS^rn^ Z has been the subject 

duZ .■ m ''®®®a>‘ch IS overcoming the difficulties 

nnfZ 8®ja*‘'’isatiun. The ooagulatton appears to be governed 

extent follows system and^to some 
Tht aVdiH^^ thickening, but at a far more 

oftte DoIvmeriZflrt “1^® u® facilitates the formation 

tom a hir quantities to 

whereas the Z of soap, the gelatinisation is retarded, 

^reas the presence of acid by-products of the oil or of aoiffic 

its oo^gltedTorm - ^th the polymeride and 
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Krunibhaar has studied the effect of heat on China wood oil 
in carBon dioxide steam between 200° and 300° C. The iodine value, 
after four hours’ heating at 200° C., fell from 1 60*3-1 34-5, while the 
saponification value was practically unchanged, 103*2-190*1. ('He 
concludes thaV differcn(;es of polymerisation of wood oil and linseed 
oil are of degree only. ' 

When tung oil is heated to 240° C. for twenty minutes and the 
heating stopped as soon as any substane-(‘ insoluble in light petroleum 
is formed, in othcT* words as soon as gelatinisation begins, the 
constants of the oil compared with thosc^ of linseed oil are as shown 
on p. 54. 

The polymerisation of w ood oil may proceed on tlu' lines indicated 
by 8alway and Morrt‘11,^^ provided the acid mat(U’ial present is in 
sufficient initial concentration to ])r(“vtait the foinmtion of the 
direct polvmeride Jind to allow of thes ])i‘oductit)n of the less saturated 
glye'^^ryl-polymeride at a tem])erature much above the ordinary 
gelatinisation point of ('hina wood oil. 8u(;h a transformation 
produces another modification of w^ood oil. 
t. Morrell and Sehapringer have observed that the refractive 
index of tung oil diminishes when the oil is heated. The high value 
(1 *5192 at 15° C.) of the refractive index is useful in the detection 
of impurities in the oil, which invariably possess lower refractive 
indices.^® 

^Thc; methods of treatment of tung oil in varnish mixings arc 
ess(‘ntially trade secrets. When th(^ d<‘h‘cts of coagulation and 
webbing of the varnish film an* overcome by the varnish maker 
ho can produce a much improved protective coating, but skill and 
judgement are necessary in th(i treatjnent of the oil. Owing to 
the rapidity of coagulation of the oil it is vc^ry difficult to incorporate 
it ^with .copal lesins.V The published practical methods for the 
treatment of wood oil will be discussed under Tung Oil Varnishcsi 
(p. 247),( where it will be shown that its great importance lies' 
in* the hardness, elasticity, and high water-resisting power of the; 
films, whereby rosin may"l)e used instead of ^iopal resins to impart 
the requisite lustre and hardness. ^ 

When China wood oil is saponified it gives a white crystalline 
acid (tt-elajostearic acid), m.p. 41° C., which is easily oxidised in the 
air. The solid modification of tung oil (m.p. f>J°-68° G.) is very 
rapidly oxidised to a white amorphous solid. The crystalline 
glyceride on saponification and subsequent decomposition of the 
sparingly soluffle crystalline alkali soap yields ^-eleoostearic acid 
(m.p. 72° C.). The methfl ester of (ii-eljeostearic acid is converted 
.(85 per cent) on distillation in a vacuum into /f-ester. The ethyl 
73 f-elaeostearic ester is partially polymerised by distillation in vc^emP 
On exposure to air at the ordinary tempt^rature it gains 10 *24 per cent 
in weight in twenty-four hWrs with a maximum of 12 per cent, 
which finely remains constant' at 11*1 per^ cent; CacHg^Og + Og 
reqtrires' 10*39 per cent. 

The opdised oil reduces Fehling’s solution slightly, and on 
trejjtment with Siphiff’s reagent for aldehydes it becomes purple in 
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colour. When warmed with pure potassium iodide no iocjine is 
lil>erated, until a few drops of dilute sulphuric acid arc added. 
The ethyl ester on exposure to air does not set, and remains quite 
clear ; there is no matt surface as in the case of the a-gly^eride. 
This is of interest in showing the influence of the giyceryl radicle 
in the drying of vegetable oils. 

The preparation of metallie tiingates is of importance. A 
tungate drier is one in whieli tung oil is heated with Iqad and 
manganese oxid(\s and, when the oxides are dissolved, previously- 
nyide resinates of lead and manganese are incorporated. Such a 
dri(T is solul)I(^ in a drying oil (esj)eeially a fish oil) at temperatures 
above lOO"" (■ For th(‘ pi‘epai*ation and properties of a number 
of nu^tallic tungates n'ferenee may be made to Circular 120, P. and 
V. Manufa(!turers’ Association, U.S.A. tThe addition of tung oil 
improv(‘s Portland (jcment paints, not only producing a flat surface, 
hut one u])on ^^dlich a subsequent coat of paint will adhere better 
than on one without wood oil ^ 

Other Oils from Aleurites. — (i.) (^anxUenvf Oil . — Candlenut oil from 
Alenrilea triloba of Fiji, Hawaii, West Indies, and Brazil might be 
used to replace linseed oil in the manufardure of paint and linoleum, 
but it is more suitabh^ for soap manufacture. Its low iodine value 
(137) indicates its inferiority for fV’yii^g- 0-927 at 15° C. ; 

•free fatty acids (oleic acid), 0-7 per cent ; saponification value, 175. 
In Madagascar- the oil exj^ressed from the nuts is known as“ bakoly ” 
oil. In India it is called “ bekuna” oil. It would find a ready sale 
if its transport to the consuming markers were feasible. 

(ii.) Lumbawj Gj 76‘.— Luiiibang oil from Aleurites moluccana (lum- 
bang bato nuts) and Al. trisperma (lumbang banucalag nuts), soft 
lumbang oil.^^ The fii’st-namc^d Aleurites is the commoner, the 
latter not being utilised, since it is said to cause skm eruptions <on 
those handling the oil obtained therefrom. 

Lumbang bato from the Philippines is stated to belong to tiie 
same species as the candlenuts from Fiji. Lumbang bato can bo 
distinguished from hmibang banucalag by the insolubility of its 
oil in alcohol. The oils do not approach linseed oil in drying pro- 
perties, particularly fr om Al. trisperma.^ but if the oils are mixed in 
the proportion of 1 : 1 or i :3 lumbang bato and lumbang banucalag, 
very suitable results are said to have bt;on obtained, using red lead 
as a drier . The drying and moisture-excluding pi-operties are said 
to be nearly as gqpd a* those obtained by careful experiments with 
u Soft lumbfihg oil resembles tung oil in odour and in 

body. When spix\!d on glass it dries in thirty-four hours to an 
opaque crystalline film. It docs not solidify at 280° C. in fifteen 
mmutes although it becomes “ bodied.” Lumbang oils might be 
mixed with linseed oil when the price ijp satisfactory. The mariu- 
^ture of lumbang oil is carried dh in a most primitive manner by 
vnmese workers. In« 1911 it was stated that a factory of the 
capacity of 230 metric tons per month could be kept supplied. The 
w IS used locally for yaulking vessels, for soft soap, and in the 
anutacture of paints. There is a great demand for the oil m*^he 
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United States. The shell of the nuts, amounting to 66 per cent 
of the total weight, is very hard and tough and extremely difficult 
to remove, the operation being performed by hand, either after 
sun-drying a|id boiling with water or heating over a fire and 
quenching in water A. P. West and Z. Monte give the following 
description of the seeds of Aleurites moluccana : 66 per cent shell, 
34 per cent kernel, containing 50 to 60 per cent of oil possessing 
s.g. 0-9?I)6 (31° C.), I.V. 140 (Hanus). The oil is stated to consist 
of 6-5 j)er cent linohmic, 334 per cent linolic, 56*9 per cent oleic, 
and 2-8 per cent solid acid glycerides. It dries quickly, is not 
polymerised at 200® C.; and is free from elsDostearic acid.* 

Perilla Oil.- Perilla oil is ex})ressed from the seeds of Perilla 
ocyrmides (Nankinensis), Asiatic mint, an annual plant gr'owing in 
Chijia, Japan, and the East Indies. The seeds contain 38 per cent 
of oil, and both oil and cake are edible like linseed. In Japan it 
is employ<''d as an adulterant of lacquer. Very little up to the 
present has been (exported to the United Kingdom. The cultivation 
of seed is being studied in India, the East African Protectorate, 
S. Africa, Cyprus, and RhoCh^sia,^'^ also in America and in Canada. 
A comparison with linseed oil is- shown by Lanks^^ and by the writer : 


y 



S.G. 

Acidity. 

I.V. 

s.v. 

liefriiolivc Index, 

Perilla oil 

0 -9:143 

6-7 

*- 

182-9 (Wijs) 

188-6 

1-4841 (20° C.) 


(15^* C.) 


196-206 

190-6 

1-4840 (25'’ C.) 




(Hanus) 



Linseed oil . 

0-9:12-0-9360 


180 


1-4790 

r 

0-933-0-9:140 


174-184 


1-4776 


Perilla oil showed no ” foots ” on the breaking testjind the colour of the clarified oil was 
fair, wWlstiUnsecd oil showctl 3-3 per cent foots. 


To J^.est the drying properties of perilla oil compared with 
linseed oil, three paints were made contaffiing white lead, zinc 
pxide and lithopone respectively, without addition of driers, and 
spread on a wood surface. In the case of the perilla oil paints, 
the drying time was seventeen hours, whilst of the linseed oil paints 
none dried before twenty hours. When driers were added, all 
the paints dried in about twelve hours and the perilla oil paints 
showed a som^^what harder surface. ^ As a varnish with lead and 
manganese driers, perilla ,oil dried in a shorter time with a slightly 
better gloss than a corresponding linseed oil varnish. In other 
respects *perilla oil compares very favourably with linseed oiLf^ 
In Circular 52 (P. and V. M. Assoc, of U.S.A.), the possibility of 
growing perilla for oil ia considered. The perilla plant grows 
best in 9 * warm humid atmospfiere and, if planted in the early 
spi;ing,. may seed before the summer is well over^ [It has been 

* C. D. Holley {Paint Vehicles, Japans and Varnishes) slates that cold 
'fjfressed lulfibang oil has s.g. 0-927 and refractive ,’ndex 1*4760. 

K. H. Bauer> concludes that perilla oil contains glycerides of pAlmitic> 
linfffiCj .and probably several isomeric liAolenic acids. 
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grown already sufficiently well in a few States of North America 
to make it worth while continuing the cultivation. The plant is 
practically a weed in Japan. The writer considers that the water- 
absorbing power of the perilla oil linoxyn film is very much less 
than that of linseed oil, and a smaller quantity of dAer is required 
to cause the film to harden. The statement that it forms drops 
when spread on a surface is not generally accepted by users of the 
oil. If the perilla oil is too heavily charged with driers it will 
dry to a crocodihvlike skin, wdiitjh, however, does not form when 
t)ie concenti’ation of the driers is reduced. The rate of polymerisa- 
tion is much less than that of tung oil and greater than that of 
lins(^ed oil. It can be used with advantage as a diluent of tung oil. 

It has none of th(^ defects of tung oil in too rapid gelatinisation, 
nor do films containing the oil “ web ” like the corresponding 
tung oil films. It can easily be bleached by fullers’ earth on 
heating up tt) 270° C. and docs not darken afterwards.*^® *The 
high acidity of the commercial samples caus(‘s retardation in the 
thickening on being heated. JJ. A. Gardner reports favourably 
on the use of perilla oil in paints and in linoleum. The writer 
considers from his experience that it .is a valuable substitute for 
linseed, possessing superior properties in many ways, but its high 
])rice compared with that of linjjt'ed oil will restrict its general 
use except for special varnish mixings. It is claimed that, when 
raw or impropcT’ly treated, it dries with a dull finish. This can 
be overcome by heating U"* 293°-315° C. for one hour or more if 
a heavier body is required. This treatment, it is said, gives an 
oil which will dry with a high lustre and without runs, makes a 
tough film, and will not spot under extreme weather conditions. '' 

Soya Bean Oil, — The Soya bean (Glycine hispida) is indigenous 
to Cliina, Manchuria, and Japan, where it grows* prolifically . * It 
was practically unknown in this country before the Russo-Japanese 
War. 8incc that time the use of oil and cake has spread phenome- 
nally, but of late the demand has dropped, although the oil-cake 
is a rival of linseed* and cotton cake as a cattle food.* The oil 
belongs to the less -active drying oils, although with suitable driers 
it has given very fair results.^®- • 

H. Low gives an analysis of Soya bean*oil as follows : 

1 I Acid V., ; UnHaponifiable Matter, 

^ J i-. V., 1.64 "o0, Juo’S. 

Total fatty acide, 94'l/()per cent. Combining weight of fatty acids, 279-30. 


W. B. Smith concludes that Soya* bean oil contains 2-3 per 
ce^ linolenic acid, 65-57 per cent linolic acid, 26-27 pef cent oleic 
acid, and 9-10 per cent saturated acids. The low iodine value, 
130, with an ether-insoluble bromide value of 7-8, indicates that 
Its oxygen-absorption power will»be low. 

Soya bean oil is jn demand largely for edible purposes, but its 
use in paints and varnishes is limited. Its presence adds flow to 
uiay W added to more jstrongly drying oils with 
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Dht^eks fob 1*euilla, Soya, and Micnitaden Oils comfaiied with 
Linseed Oil®^ 


MetuI Oontont nf\)il, 01 ikt c-rnt 

Seilimciit. 

Sldnriiiif' 

Tenip<*raturi' 
ot In» 

Film, 




eorporiition. 


Perilla Oil — 





Solicl'Co. Linoleatf! 

none 

5 hours 

4r>(r F. 

liard 

Co. Mn. Linoloate 

slight 

r> „ 


Cobalt Paste Drier 

8 

e.oid 

hard •' 

Co. Mn. Paste Drier . 


14 „ 


soft 

Ppd. (!o. ilesinate 

none 

b „ 

450 ’" F. 

hard 

PjkI. Mn. Desinate 

.slight 

14 ,. 



Lead Linoleat/O . 

Paw Soya Loan Oil — 
fcjplid Co. Linoleate 

none 

20 „ 



none 

24 hours 

450° F. 

medium 

Co. Mn. Linoleate 

considerable 

24 „ 



Co. Paste JJrier . 

none 

8 „ 

eold 

soft 

Co. Mn. 'Paste Drier . 

slight 

8 „ 

450" F. 

hard 

Ppd. Co. Reainate 

H ,, 


soft 

Ppd. Mn. Resinate 


40 „ 


medium 

Lead Linoleate . 

Light Pressed Menhaden Oil- 

«« none 

42 „ 



Solid (yo. Linole-ato 

none 

1 1 hours 

450° F. 

medium 

Co. Mn. Linoleate 

slight 

111 „ 



Co. Paste Drier . 

none 

12 „ 

cold 


Co. Mn. Paste Drier . 

eonsiderable 

13 „ 



Ppd. Co. Resinate 

Ppd. Mil. Resinate 

sliglit 

30 „ 

13 „ 

45(!’ F. 


Load Linohuite . 

Raw Linseed ( )il — 

none 

10 „ 



Solid Cobalt Linoleate 

none 

It) hours 

450° F. 

hard 

C. Mn. Linoleate . 

con.siderable 

n M 



Cobalt Paste If'rior 


5 M 

eold 


'Co. Mb. Past ;0 Drier . 

slight 

8 „ 



Ppd. Co. Resinate 

none 

10 „ 

450° F. 


^ P])d. Mn. Resinate 
^ Lead Linoleate . 

' 1 

.slight 

15 „ 

" : 1 




* It is possible to incorporate 25 per cent Soya oil with linseed 
oil, using a manganes'o, cobalt, lead drier, to give a mixing con- 
taining 0 03 per cent Mn., 0 01 jx;r cent Co., and 0-20 per cent Pb. 
The films dry as rapidly as coninK^rcial boiled linseed oil containing 
0-21 per cent Pb and 0-041 per cent Mn.; It is advisable to blow 
the Soya oil fifst and to subject it to a heat treatment previous 
to the addition of driers. " The Soya bean contains 18 percent of 
oil from ivhich 10-13 per cmt can be extracted by the Anglo- 
American process. Against this low ykdd must be set the fact 
that- the harvest of the bean is large and the press cake is rich 
in nitrogenous matter or proteins* (39-42 per cent). Besides cattle 
cake it is made into biscuits, vegetable cheese, and a kind of pickle 
(soy). I The emulsification of the oil with gluten and casein-like 
bodies is the basis of some patents for artificial milk.®^ The 
emulsifying power seems superior to that of^'other drying oils, j 
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Para Rubber Seed Oil. — This oil, obtained from varieties of 
Para rubber seed kernels, has been thoroughly investigated *at the 
Impcirial Institute.^® 

The Hevea rubber tree? {Ilevea Braziliensis) will produce on 
an average- five hundred seeds jxjr aimuiri (one i^undred seeds 
weigh 360 grams). 

Ceara rubber seeds weigh about 53*2 grams per hundred, whereas 
the seeds of Funtiimia eldstica are small with thin soft husks. 

Dubose stat(?s that the seeds of Ilevea contain 52 *per cent 
oj oil and yield 33 per (?ent in a single pressing, but this must refer 
to deeorticat(?d seeds,- because R. J. Eaton obtained 19-3 per 
cent froiu the- Avhole s(?(‘d by extraction with a volatile solvent. 
Tlu? following tabk? gives a comparison of th(‘ thi’oe varieties of 
Para lubber sec‘d oil and linseed oil : 



Cc.'ira. 

Ktintunii.'i. 

ITfvou 

BnizilierislH. 

t 

kiiHocd. 

Wt. of 100 sends . 

r):i-2 

4-8 

300 grams 


I’orceiitago oil - content 


, 


of kernel 

:i5 


45-8 


i’ernoTitage oil - non lent 





of w'ljole seed 

ir>-75 

^ :ii o-;i.‘i 

22-25, 19-3 

30-4 

gr 

0 •92118 

0-9:120 

0-925S 

0-931-8 

Uu . . 

1-475 

1 -4788 


! -4835 

Rfilativo visnosil-v • 

J.-IO 

i4-:i 


18-0 

LV. . . . ■ . . 

l!l5-i:t7 

i:i8 

13lVl38 

180-200 




138-7 


Acid v'aino 

0-()25 

2-05 

5-20, lt)'8 

below 5 

Porconlago of liquid 





fatty acids . 

88-9 

79-8 

80 

92-5 

l.V. of liquid fatty acids 

102-5 

175-5 

. « 

190-200 

» 


The oil from Hevea is of yellow colour and deposit little^ or 
no stearino. 'The oil is not equal to linseed oil for paints and 
varnishes ; its lead \lr 3 ring oil is slow drying, giving a soft film. 
Using a cobalt drier the drying is also unsatisfactory and the film 
is tacky even after several days.'**® If the oil be heated wif!h 
glycerine and calcium resinate at 260" 0 . fdr IJ hours the acidity 
is reduced to 5*1, and the neutral mixing with a cobalt drier 
(sufficient to reduce th(? drpng time of linseed oil to six hours) gives 
a film which resembles that of Soya, but is decidedly inferior to 
that of linseed oil.) * 

T*he V ater-absorbing power of the lead drying oil film is much 
greater than that of linseed oil. A drying oil containing 3 per cent 
lead oxide made from linseed and Para rubber seed oils resj)ectively 
di'ies in five hours and seven hours, ^nd the latter film holds a 
tack even after four days. * 

(^It is evident that the oil has none of the protective properties 
that the latex will gi\e. It would be suitable for soap making, 
and could replace linijeed oil in the manufacture of rubber sub- 
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Probably it would be suitable for the preparation of hydrogenated 
or harSened oils for edible purposes. The cake left after extraction 
of the oil from the kernels is a valuable foodstuff for sheep or 
cattle. 

R. J. EatoVi cit.) obtained 19-3 per cent of oil, 76-6 per cent 
of meal, and 2-93 per cent of mucilage foots. He concluded that 
it would be remunerative to import into this country for crushing. 
His estimate of the cost of shipping (£1 : 15 : 10 per ton) could 
be reduced by half if the seeds were decorticated before being 
shipped. The Imp. Inst. Bulletin gives the cost of decortication 
as 12s. 6d. per ton and cost of collection as £2:18:4 per ton, 
with rail and freight charges of £3 : 15s. ])er ton. Therefon^ the 
seed would probably cost from £9 to £10 jrer ton in this country. 
In 1917 the oil fetched £50 per ton, when linseed oil was £00. It 
would seem advisable to be guided by Eaton’s estimates, which 
are ^later. The quantity available is satisfactory, and Eaton 
estimates that 20,000 tons of oil could be obtained annually from 
seed grown on the Malay Peninsula. 

To the varnish maker Para rubber seed oil stands in much 
the same position as Soya »il, and with present knowledge it does 
not seem to have any prospect of displacing linseed oil in general 
drying and protective properties^ ! 

Other oils which are used ih small quantities in paints and 
varnishes are : Walnut, Popjry, Nigc^r, Sunflower, Hempseed, and 
two new drying oils, (Ilia and Oiticaca oils. 

■Walnut Oil. — This is a very pale oil used by artists, because 
paints made with it have less tendency to crack than those contain- 
ing linseed oil. *. 

Poppy Seed Oil. — The seeds of the opium poppy (Papaver 
sommferum) contain 40-50 jxir cent of an oil containing 65 per cent 
linolic acid, 5 per cent linolenic, and 30 per cent oleic acid. It is 
a pale oil and fair drying, but used more in artists’ colours than in 
paints and varnishes. 

'.Nigef Oil, Sunflower Oil, and Hempseed Oil possess drying 
properties whereby they may be used in paints and varnishes, 
but they are inferior to linseed oib Seven years ago India exported 
over 10,000 tons of niger seed in a year, but the export trade 
during the war dwindled to almost nothing, though the seed is 
still grown and the oil is used in India in large quantities for cooking 
and lighting and as an adulterant. Provided the price of linseed 
oil is not much*' above that of these oils, th’e demand for them by 
the paint and varnish m'aker is very limited. They are "mostly 
used for poap-making or edible purposes. For details as to their 
properties reference may be made to Fryer and Weston (he. cit.). 

Chia Oil. — The seeds of, Salvia hispanica, a labiate, are widely 
cultivated and grow wild in Mexibo, where they are known as chia 
or chian ; they are used for making a demulcent drink, somewhat 
like V flaxseed tea’/’ Travellers carry the seed to mix with water, 
as it has been observed that the thirst i^ quenched with much 
less ;vater when chia seed has been mixed \rith it. The chia plant 
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is a plant which reaches 5 to 6 ft. high ; tlui seeds are oval-shaped, 
about ] mm. in longest and about J mm. in shortest diameter. 
The yield per hectare varies from 1000 kilos to 4000 kilos, and in 
certain parts of the country two crops may be obtained annually. 
The seeds yield a yellow oil in amount equal to 33 ifer cent of the 
seed expressed. The examination of the iiltered oil gave : s.g. 
(15°C.), 0-9338; acid number, 0-6 ; iodine value, 196-3; S.V., 192-2 ; 
unsap. matter, 0-S ; 1-4855. 

In the raw state the oil dries slowly. It exhibits more pro- 
npuTUJcd “ crawling ” than raw pesrilla oil, indicating that chia 
oil has a high surface t(‘nsion. This defect disaj)pears on heating 
the oil to 260'^ C., and in this condition it was fourid to be superior 
to linseed oil when trc'ated with the same amount of dri(T. 

Erom the comparison of wetting pow(‘r with pigments it would 
seem as if chia oil would yield more heavily-bodi(‘d paints than 
linseed oil. The success of the oil will depend oji the value of the 
press cake compared with linseed cake.^^ 

Oiticica Oil. — Bolton and Re vis ^^have described the oil extracted 
from the kernels of Oiticica (Cone^na grawlifolia)^ indigenous in 
Brazil. The kernels are one inch long and half an inch broad, 
and are stated to contain 62 ptu* cent of oil, semi-solid at the ordinary 
temperature (m.p. 21 -5^^ 0. incipient fusion, 65“ (X complete fusion), 
consisting of a solid fat in a medium of liquid oil. In many respects 
it resembles lung oil, yielding no solid hexabromide, and possesses 
a high spccnfic gravity (0-J4>94) and an iodine valium 179-5. It does 
not solidify when heated for thirty minutes at 250“-270® ('. in 
carbon dioxide, but when the teniperature is raised to 300'" 0. 
gdatinisation occurs. At lOO"" i). it gains 4 per cent in weight in 
air in three hours, and in twenty-four hours the total gain in weight 
was 4-5 per cent, whereas tung oil gained 2-3 pef* cent under .the 
same conditions. The skin produced is more uniform, transparent, 
and continuous than from tung oil. The refractive index (40® C.) 
is beyond the limit of the Zeiss butyro-refractometer. The melting 
point of the fatty acids is 53° -7-67“ C. The writer Mis found 
that cold benzol extractt‘d only 29 per cent of oil from the sliced 
kernels. The specific gravity of the oil varied from 0-94-0 -9786 
and the iodine value from 150-170. The -oxygen absorption in 
thirty-nine days gave an increase in weight of 7 -38 per cent, whilst 
tung oil showed an increase in weight of 14 per cent in thirty -two 
days. The oil could be heated at 270°-280° C. without gelatinisation. 
An analysis of the kernels after removal of the oif by benzol gave 
the following figures : ** 

Moisture, 7*08; oil, 17’35 ; albuminoids, 11-07; carbohydrates, 66-07; 
fibre, 4-81; ash, 3 62= 100-00. 

The potassium salt obtained from ttc oil is very soluble in water 
and ^ves a crystalline acid, m.p. 98°-99° C., which is not an elaeo- 
stearic acid. The properties of the oil appear to be promising, as 
it is free from the difficulty of rapid gelation on heating, but it is 
oxidised so rapidly in the air that a crushing process is inapplicable 
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and extraction methods on th^ large scale have not as yet been 
siiecciifefid. 

Fish Oils.— Although whale, shark, dog-lish, and herring oils 
have been used to some extent in the manufaciture of paints, men- 
haden oil ha.^ proved jmi(;h mon^ satisfa(!tory. * The production 
from Alosa menhaden, a fish resembling a herring (Alosa menhaden 
is obtained off the Atlantic coast line of N. America from N. of 
Chesajx'.ake Bay to Florida), amounted to 3,i)4;b0()0 gallons in 1918. 
The (pulntity de]iends on the activity of the fisheries. It is cheaper 
than the vegetable drying oils and has been used in the adulteratiqu 
of ])aints or for k^ather-cloth or oil tablecloths in the IJ.S.A. Tn 
the paint and varnisli industry it is not ])opular in this country, 
b(‘eause (ff its odour and general inferiority to linsecid oil. /The 
raw fish oil lU'ver diic^s permanently hard and has a tendency to 
b(^(;onie soft in a warm, moist atmosphen*. For general outside 
work, es])ecially on the sea coast, and for aj^plication on hot surfaces, 
it is siigg(5sted that a juixture of inenhad(‘n oil with linseed up to 
7/) p('r cent of tlu^ foianer might be employed. ' Toch recommends 
its use in paints for structural steel and otiua* metals. An advantage 
claimed for the oil in combiivition with linse(‘d oil is that the mixture 
is nmre imperimuible than linseed oil alone to the action of water. 
Another advantage claimed is that it has the ])ower when dry to 
give a film of great heat-resist^mg '])ower, and hence it has been 
recommended for use in smok(‘-stack and boiler paints. Jensen 
states that the fishy odour can be nmio^Td by catalytic treatment, 
wh(U'(d)y the oils art; now in increasing demand. I'lie smell is 
undesirable, and is said to lx; due to tht; presence of clupanodonic 
acid and trimethylamine. 

It is very difficult to remove the smell except by hydrogenation, 
wlych lowers the iodine value and the drying properties, besides 
increasing tin; viscosity. Heat treatment, especially in the presence 
T)f drierij, reduces the odour.' Methods for deodorising fish oils 
infcludc the use of ozone, sulphuric acid, heating in vacuo^ treatment 
with alcohol, sodium hypochlorite, alkalies, eto. All these processes 
an; expensive and not very practical. Gardner recommends the 
addition of 5 to 10 p{;r cent ])int; oil as a deodoriser. The oil may 
be refined by fullers’ (vxrth, china clay, copi>er hydroxide, and ohar- 
(;oal. Weiss claims that the oils may be deodorised by treatment 
with a fine jet of steam in the presence of alkali. It is stated that 
paints made with suitable proportions of menjiaden, soya and 
linseed oil with varnish resins and the usual driers, have yielded 
coatings which are equal Uo and even su})erior to those produced 
with linseed oil alone ."5? It is quite evident that menhaden oil may 
be used as a limited substitute for linseed oil. ^The use Of fish oils, 
other than menhaden and sardine oils, in paint manufacture is un-' 
satisfactory, land as they arc in large demand for other purposes, 
unless there is a shortage of linseed oil, thejee would seem to be 
nothing gained by employing them. vThey are more or less dark 
in colour and cannot be regarded as drying oils, but blown herring 
“oil Jias» proved a serviceable constituent 6f heat-resisting paints 
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and those required for counteracting the corrosive efiects of sea air. 
Toeh states that linseed and fish oils are able to digest a ’larger 
proportion of rod lead than linseed oil alone. 

The Compofiitum of Menhaden (HI. — E. Twitchell states that 
th(i fatty acids obtained from menhad(^n oil contain^ 22 -7 per cent 
palmitic; acid, niyristic acid 9-2 per cent, stearic a(;id 1-8 ])er cent ; 
total saturated acids, 33 per cent : unsaturated acids, containing 
IS carbon atoms, 24-9 per cent; containing 20 carbon atoms, 22-2 
])er cent ; c;ontaining 22 (;ar*l)on atoms, 20-2 ]>er cent. The presence 
of such a considerable amount of saturated acids will go far to 
account for the tackiness of the dried films of the oil. 

M. Tsujimoto oonsid(;rs that clupanodonic acid should have 
i.h(‘ formula (’22^.14^2, it yields a de(;abromide ( '22H34G2Br|o, 
and not as ])revi(msly given by him. He stat(;s that 

the; lithium salts of highly unsaturated fatty acids are soluble in 
acetone containing a little water (5 per cent by vol.), whA’eas 
satiu’ated and less saturakul acids give insoluble lithium salts. 
Vegetable; oils and terr(;strial animal oils give only T'(;latfvely small 
yields of highly unsaturdted fatty acids; e.g. 1*2 per cent in sesame 
oil and 9-3 ]ier cemt in linseed oil. . 

Linseed Oil Fatty Acids. — ^During the (Treat War the demand 
for glycerine; togethcT with the general shortage* e>f fatty oils resulted 
in the acids from linse‘(*d e)il being trieel as a subsiitub* for the 
glyce-rides in paint and varnish manufacture. As a ])reliminary 
step it was aehisable* te) vei)arate the* me)re* saturate*d acids, e.g. 
ste'arie; aciel, whie-h were; in suspe'iisieui. 3'he; fluid portiem could be 
thickened witli euily slight le)ss by s[)ecial methods to yield litho- 
graj)hie oils of le)w grade, which in emergency might find application 
in printing inks. f;^)r elrying liquors and binding sizes favourable 
re;sults Mere* e)btained. Whe*n use*.d with pigmefits of an inert 
character inferior epiality paints were obtained, and althe)ugh gloss 
and general ap])earance were fairly satisfactory, the durability 
was pe)or ce)mpared with linseed oil j)aints. When iron turnings 
and fatty acids we*re** brought in contact in the pre'se*nce bf water, 
a reel brown liquid containing 3-4 per cent irem (75 per cent in 
the ferric cemdition) was obtaine^d. This liquid had the ])ropertiy 
of drying in air like* a beuled oil and as such e’e)uld be used with 
oxide of ire)n, umbers, oe;hre*s, blacks, and other inert jugme*nts to 
give fairly durable paints. Medium stoving anel stamping varnishes, 
as well as ja})an^ and black enamels, could be prepareel, but the*ir 
resistance to we;atherinf^ and to the action of wat^r was poor and 
they lacked elastie*ity and body,, The Experience of their use in 
the dressing of waterproof sheets and tarpaulins was unsatisfactory. 
(Etton sheets were found to be better than flax sheets, probably 
owing to the greater absorbing power of the former, but they were 
decidedly less impervious to v^ter, drying hard and stiff and 
developing a tackiness when the sheets were folded.^® 

Bevan removes stearic acid by a limited treatment with lime 
and then adds cobalt resinatc; as a drier. Wilkins and Allsebrook 
describe the action of metals, e.g. iron, on the linseed oil ^cids. 
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Boohni and R(;ihl claim to heat th(‘. linseed oil acids to a high 
temperature in the presence of metallic copper, nickel or cobalt, 
and to blow in oxygen until a sp, gr. of 0-992-0 *998 is obtained. 

It is an advantage to add 12-15 jjcr cent of tung oil and a small 
quantity of tin alkaliiw^ earth soap to increase the speed of poly- 
merisation. 

The comparison of the true oxygen absor})tion curves of linseed 
oil and its fatty acids gav(^ 28 -7 per c(‘nt and 30 ■ 1 per cent respectively, 
although in the latter case the period of induction was much short(‘r. 
The form of the curves is tlu^ same, showing that the gl yccryl radicle 
has no influence on the 7nodus (yperamll of the oxidation (see Figs. 

1 1a, 11h, and Ih^ pp. 30, 31, 32).'*“ 

Copals are easily soluble ((-veil when unsw(‘ated) in tlic linseed 
oil fatty acids, but th(‘ solution on treatment witli turpentine gives 
a preci])itate of th(5 copal resin. It is only after the gum has been 
run in the oil-acids in the ordinary manner that the mixing will 
stand thinning with turpentin(‘ or ptdroleum s])irit. Linseed oil 
acids may be used as a solv(-nt for rubber. 

• Drying Oils from Petroleum and other Hydrocarbons. ™By 
chlorinating the hydrocarlKms of the so-calkal neutral oils and 
removal of the Vhlorine introduced, Gardner and Bielouss^^ state 
that oils are produced equal in drying pow(‘r to linset^d oil, but their ' 
colour is dark and the durability inferior to that of linsca'd oil. 
When heat(‘d to high thmperatures tlu‘y are polymerised f ;0 solid 
elastic bodies. Much careful investigation will b(5 rcjquircd before 
these substances can displact; linseed oil. 
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(.^HAPTEU VI 

VAKNISH KESINS 

The majority of th(‘ resins us(‘(] by tlio varnish mak('r are of v(‘geta])lo 
origin, being exudatio/is of trees of Jiiany (liiferont gcMiefa and sj)eci(*s. 
Jt is only reeently that artifieial resins derived from coal tar jaodm^ts, 
e.g. Bakc'lite, Cumarone, and Para-indem^ ic'sins, have been used as 
substitutes. For oil varnishes the natural resins ar(5 ])ref(5rred. 
The varnish resins belong to,tJie class of gums which are for the most 
part exudations of living trees or conuj from tlu^ s(‘creted resins of 
fossil trees. TIkjsc gums, sometimes alone, but often incorporated 
with a fluid, form more or less protective films on the escape^ of the 
solvent. ^They show generally the ])roperti(‘s of colloids when in 
solution, except in alcohol, and form (urvulsoid solutions wuth water, 
oil, and otluT media. Borne are com]>letfdy solubl(‘ in water, others 
swell up to give jellies, whilst others an^ unacted on. It is with 
members of tlie last class that the varnish maker has to deal. The 
colloid properties of the gums are in many res 2 )ects similar to those 
of glue and gelaTine. < The resins can readily distinguished from 
the true gums ’’ by the following simple tests : (1) When a resin 
is held in a flame it takes fire and burns with a smoky flame giving 
off an aromatic odour. A gum similarly treated chars and smells 
:)f burnt'sugar ; (2) a resin jDlaced in water is unalter(‘d, whereas a 
^um dissolves or forms a jelly ; (3) when a resin is allowed to stand 
ill methylated siiirit or in turpentine, it disintegi'ates or dissolves 
completely or pai'tially. A gum is generally unacted on by these 
solvents. L. Paul ^ considers that the resin substances occupy 
iin intermediate position between inorganic colloids and bio-colloids. 
The colloid modifications of the true constituei^ts of r(‘sins are 
inalogous to indTganic dispersions, w^hich an* colloidal modifications 
3f crystalloid substances. ^ 

Although only the resins are the*, important gum ingredients of 
varnishes, a passing reference to the true gums, by way of contrast, 
s advisable. The varnish terms, gums, gum resins, etc., are 
'estricted to the resins and have •nothing to do with gum arabic, 
jherry gum or gum tragacanth. Gum arabic, and gum tragacanth 
Jan be taken as typical for purposes of comparison. 

Gum Arabic. — Gum aj*abic is obtained from varieties of Acdcia 
md ^9 known in the trade under many fonhs, e.g. Turkey, White, 
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Kurachee, Mogador, Wattle, and Senegal. forms are all 

more or less soluble in water and swell up in that medium. 'They 
are insoluble in alcohol, and on boiling with dilute sulj^huric acid 
give sugars (pentoses and hexo.ses), thus showing thtur carbohydrate 
nature. The best qualities art' used for pharmaeeu tfcal prejmra- 
•tions, confectionery, and other purjjoses, whilst th(‘ commoner 
qualities are in demand in the t(ixtile industries, as a binding material 
for artists’ wat(‘r-colours and for mucilages. 

Gum Tragacanth. — Gum tragacantli is obtained from various 
species of Adralagus, iiidig<‘nous to Greece, Asia Minor, Syria , and 
Persia. Tlu^ gum IIo^a's frcrly from tin* steams where* tlu'y are 
wound(*(l. Jt is s()ft(‘r than aea(*ia and elierry gums. Lik(^ gum 
arabic it gives a viscous Iluid with wate]* and is hydiolysc'd with 
dilute sul])hurie, a(*id to give sugars, it is used as ti thickener in 
calico jninting and as a ve^hicle in many j)}iarmac(‘utical ])r(q)arations. 


IUlsams and Oligoresins 

The balsams are solutions or emulj^ons of resins in oil esters. 
e.g, the esters of cinnamic or b(‘nzoic acids, and they may contain 
also free cinnamic and benzoic acids. The oleoresins consist of 
resins dissolv(‘d in essential oils. It is, however, difficult to draw 
a hard and fast line betva'en the two classes by (liffer(‘nc(‘s in the 
nature of the resin solvents. The balsams an* ('ssentially more 
fluid than the olt'on'sins, although (‘ertain varieties of okioresins 
when freshly exud(*d have* considtTable flui<lity, so that the oleort^sin 
may be said to b(^ cxud(‘d in the balsamic form, Jiardtming on 
exposure to the viscous solid oleoresin. Ganada balsam is classed 
amongst the oleon^sins rather than the* balsams. 'J'hc transformation 
of a balsam into an oleoi*esin ma,v be a combined oxidation and 
polymerisation process. It imiy resemble the transfoj‘n\^tion of 
the latex into the solid rubber. The difference's ar(^ perhaps ratht^r 
of degree, although balsams ofUni (;ontain a high ])(Tcentage of oil 
esters. Reference may be mad(} to several of the ciornmoner balsams 
for purposes of com 2 )arison, but the varnish maker does not handlo 
these substances. , 

Copaiba Balsam.— This contains as much as bO per cent of oil 
esters and is tlu; exudation of diffcTcnt varieties of (Jopmferae 
occurring in S. America, Brazil (San Jkiulo), and Guiana. The 
production is sil^l})le. The tree st(‘ms are cut int^ as far as th(^ 
reddish-brown hi-art, and in a short time the balsam flows in quantity 
(up to 50 litres) and is collectt^d . The balsam may be fluid (^s.g. 0 -935- 
0-936), or a viscid fluid as Maracaibo balsam. It is composed of 
an ethereal oil, 40 to 60 per cent, which may be distilled off and a 
resin, 40-60 per cent, which contains* crystalline acids, and in- 
different resins. Commercial paracopaiba balsam (s.g. 0-92-0-95) 
is a thin liquid, colourless, darkening on keeping, with a bitter 
taste and peculiar balsam-like odour. The^ Brazilian varieties have 
an almost turpentine-Iikc smell. They are soluble in aleohol, ejher, 
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and benzol. The adulterations comprise turpentine, rosin, and 
castof oil. The balsam finds little use in varnish manufacture. 

Gurjun Balsam. — Gurjun balsam is obtained from varieties of 
Dijiterocarpns in Burma, Java, and Ceylon. In Burma the collection 
is sirnph* r t\^ () or three holes are made at the base of the tree and 
the trunk is warincd. The holes are emptied every three or four 
days, and the holes remade. Brom two or three holes in the tree 
80-40 gallons of oil are obtained in one year.^ Gurjun balsam 
consists of a resin and an essential oil (40 to 82 per cent) which is 
a sesquiterpene (C15H24, b.p. 225°-256° C.). (k)mparison may be 
made with the composition of the pine oleoresin (p. 101) and also 
with th(^ copal oils obtained from the distillation or sweating of ’ 
copal resins, whereby depolymerisation ensiu's. A similar com- 
parison Jiiay be made with Venice turps, which has been obtained 
artificially from rosin, rosin oil, and turpentim^. The more fluid 
balsams ])ass by polymerisation rather than oxidation to the 
viscous and eventually solid oleoresins, esp('cially as a balsam 
hardens 1^ treatment Mutli magnesia and alkaline earths, as is the 
case with colophonium and the copal oils. Towards solvents 
Gurjun balsam behaves Ii|^e the (Copaiba balsam. In Java and 
Ceylon it can be used as resin lacquer much like (Canada balsam. 

Other important balsams are Peru (San Salvador), Mecca, 
and Tolu balsams, Storax (liqtiid form, derived from Liquidamber 
styracijka) from Mexico and Honduras,^ contains styrolene, cinnamic 
acid, cinnamyl cinnamate, styricine, ^nyroearpene and a rosene. 

E. Eourneau and M. Crespo^ suggest alcoholysis in the study of 
balsams, e.g. by boiling with alcohol containing hydj'ocJiloric acid, 
whereby the resins are unattacked whilst the free acids are esterified. 

In the analysis of Tolu balsam from S. America, T. Cocking and 
J. D. Kettle ^ recommend boiling with water and magnesia with 
the addition of a small quantity of xylol to soften the resinous 
matter the magnesium salts of the aromatic acids are soluble in 
writer, whilst those of the resin acids are insoluble. Trommsdorf 
found : •resin 88 per cent, acids 12 per cent, and volatile oil 0-2 
per cent. The balsams described find their use in pharmacy. 

• 

Oleoresins 

It is difficult to separate the resins from oleoresins for purposes 
of classification. Ordinary rosin is obtained from the fluid oleoresin 
tapped from tpces of the genus Pinus, tho. volatfie spirit being oil 
of turpentine. The fluid eieoresin has many names, e.g. turpentine, 
ierebentfiir^e, terpentine, gum thus. Similarly the volatile oil is oil of 
turpentine, essence de terebenthine, terpentinbl, and turps. Venice 
turpentine, Strasbourg turpentine, Canada balsam, Bordeaux turpen- - 
tine, galipot, are names gfven to local varieties of the oleoresin 
(galipot is a hardened oleoresin from the Landes district of S.W. 
Prance)! Elemi, Dammar, Mastic, Sandarach are various forms of 
nreoresins, which flow by wound response of the stem and gradually 
har(||en on exposure to air. 
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. Pinus Oleoresin.— Tho most important oleoresins are those 
derived from varieties of IHnus, and owing to tho increasing use of 
China wood oil they are becoming mor(i and more popular for 
varnish making.. When incorj)orat(^d with linseed od tho rosin, 
after r(nnoval of (he volatih^ oil, givers a coating of inferior durability, 
but by substitution of tung oil for linseed oil an excellent protective 
coating may bo obtained. 

Bordeaux Turpentine . — This oh'orosin is obtaiiuid from Pinus 
marifima, which is cultivated on the sand dum^s of the Landes 
district (Gironde and Gascony). Th(‘ c.ultivation has been greatly 
(lev(doped since the end ‘of the ISth century. The growth of tho 
tr(‘e is so I’apid that it attains a diameter of nearly a foot in twenty- 
liv(‘ ycNirs, and the secretion is so abundant that in some (jases 
collection is begun wlum th(‘ tr(M‘S are barely fifteen years old, as 
in th(‘ c;as(' of the so-called cl(‘-aranc(' tre(is, which have to m%ko 
room for thos(‘ r(‘s(‘rvc‘d for longer ta])ping. The collection of the 
rc'sin is begun normallv at the 20-30th year and may (a)iitinu(^ to 
th(^ 75th year. Th(‘ anai, uruh'r cultivation in 1909 was 750,<X)0 
hectares. The dev(*l()])ment of l-he industry has progressed moi’o 
in Lranc(‘ than in the [biibal J^tati's. The French method of 
colle<*ti()n is much more (U‘on(unical and less destru(‘tiv(‘ to the 
tna\ which has therefore a longer Jeast‘ of life and consequently 
is far more productive*. A comprehensive account of the French 
tur})entin(' industry is given in a t)ap(‘r by A. Joly,’ of which tho 
following is an a bstra(*t • 


Morphology of Pinus maritima 

The Flowers. -The Pinus nmrilimi has male and,femal(5 flowers 
on th(5 same st(‘m. The* male flowers consist of an (enlargement 
com])osed of small ])ockets full of ])oll(‘n, which spread themselves 
over the female flowers in the shape of small herbaceouts eon^s 
covered with fim* dro])s of resin to which the polhm adhere^. The 
polk'n grain consists of a body furnished with two small air sacs, 
and on adlu‘sion it ])uts out a germinative tube, but does not 
fertilise tho on ule until the followiiig year. The fruits, pommes* 
de pin, consist of cones which attain to a length of 8-15 cm., with 
a rough lozenge pattern surface. Each angle of a lozenge is con- 
nected with a hard woody shell which protects the seed. These 
fruits become rip# towards the end of the second ^year, and tho 
seeds l>ecome d( C ached in April. The gathering of the seeds takes 
place usually in March, m the case of (^arWully selected full-grown 
trees. The pommes de. pin are submitted to a gentle heat (5()°-55° C.) 
in order to distend the shells and to allow the seed to detach itself 
easily. ^ 

The Seed . — The seed is provided with a membranous extension 
which has to bti crushei^ . The actual seed consists of oily albuminous 
material, longitudinally crossed by an embryo which has usually 
seven cotyledons and is covered by two membranes, a thin endocarp, 
and a hard woody epicarp. Fropi this seed it is possible to extract 



98 


VARNISHES ANP THEIR COMPONENTS 


15 pt-r cent by weight of a drying oil (s.g. 0-928).*® It has been 
pointed out that Hevea BmzUiensis seed yields a dr 3 dng oil (Para 
rubber-seed oil). The germination does not take place until a 
month has elapsed, and then the young phie shows a small pivoting 
root and seven seminal leaves of triangular section. 

The Leaves. — Finns maritima has four varieties of leaves ; 
(1) the seminal leaves of triangular section with a single libcro- 
ligneous fascia ; (2) the first year’s leaves, whicdi are isolated, thin, 
short and filiform ; (3) the bracteate leaves ; (4) the ordinary 
leaves, needle-shaped, with a striped semicirculai' section, their 
length varying from 10-20 cm. and their thickness 1-1-5 mm. If 
one examines a transverse; s(‘(;tion under the microscope one finds 
on its edge a sclerous envelope which gives rigidity to the needle. 
This envelope is perforat(;d by stomata, which penetrate as far 
as the chlorophyllic tissue, whose cells are folded over in a character- 
istic manner. I’owariiB the centre is found an endodcTin consisting 
of cells fattened and corriigatt-d in tlieir lateral walls. In the 
centre of this endod(;rm one finds two liberoligneous fascia? with 
the wood turned towards the plane surface. Finally, the chloro- 
phyllic parenchyma contains a variable number of resin ducts 
(two to nin(;tet;n) surrounding the endoderm. In certain cases 
these needles are submitted to distillation, but after some experience 
the idea has been conceived of making a vegetabk; horsehair from 
them, washable and undeconi posable. It has bt;en considered 
advisable to mention the seeds and leaVes in detail because of later 
reference to their resinous cont(;nt in connection with oth(;r varieties 
of Finns (Douglas fir). 

The Wood. — Under the microscope three tissues only are seen ; 
the tracheids, the medullary rays, and the resin ducts. 

(1) The Tracheids (Fig. 21 (1)). — In a longitudinal radial section 
^ the tracheids are found in the shape of ligneous shells, very elon- 
gated, entirely prismatic and enclosed, and terminated by a bevel 
at both ends. In the spring wood their w'alls are thinner and 
more separated than in the summer wood, when; they appear 
.thickened and wdth only a small space between them. The walls 
of the tracheids are piarked with a series of small discs lenticular 
in shape, which have an opening in their centre. These discs 
are joined together and separated from each other by a permeable 
membrane, w^hich permits the sap to circulate from one cell to 
another. Finjilly, the tracheids are crojjsed perpendicularly by 
the medullary rays. „ 

(2) The Medullary Rays (Fig. 21 (2)). — The medullary rays 
consist of a group of rectangular cells superposed so as to form 
one single column and radiating from the circumference towards 
the centre in varying lengths. ,The cells are perpendicular to the 
tracheids, and those which form a connection with the tracheids are 
bevelled. 

* The oil from seeds Pimof sylvestris contains 3 per cent solid acids 
(pa^^tii and stearic) and 97 per cent fluid acids 36 per cent oleic acid, 66*2 
linom; acid, and, 7 -6 per cent linolenic arid) having I.V. 169*2 and S.V. 190'7. 
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(3) The Resin Ducts 
(Fig. 21 (3)). — The transverse 
section shows the difference 
between the tracheids of 
spring wood and those of sum- 
mer wood, this latter being 
dotted with resin ducts. The 
medullary rays are re 2 )re- 
sented by black lines.' The 
ducts intended to convey the 
resin are found (a) in the 
wood of the root and of the 
stem ; (b) in the corti('ul par- 
enchyma of th(5 branches ; 
and (c) in the leaves. They 
are vertical and parallel with 
the axis of the trunk. A 
transverse section show^s a 
du(!t surrounded with large 
pari(*tal cells, wiien* the resin 
is formed by means of a pro- 
cess which is still obscure. 
These parietal cells are sur- 
round(‘d by others of the 
saiTK' shape' and more flaf- 
tened, beyond which tlu're is 
a ligneous parenchyma con- 
taining amylaceous cells and 
surrounded by the tracheids. 
Finally, the. medullary rays 
themselves contain small 
resin ducts uhich are tan- 
gential and per])(‘ndicular to 
the large vertical ducts. They 
are full of resin, especially 
on the side leading from the 
large ducts towards the cir- 
cumference. This acx'ounts 
for the small depths of the 
grooves made during, the 
operation of “ gemmage.” If 
the sections Jiiounted for 
microscopical examination be 
treated with acetate of cop- 
per, the resin ducts become 
stained yellow and are clearly 
discernible. The oledresin is 
not like ordinary sap. The 
pine has a sap which •is a 
water solution, quite different 



• Fig. 21. — Sections of Pinus maritma. 
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chenfically from oleoresin. The sap circulates between the roots 
and leaves through the fibrous cells of the sap wood and also 
through the cells of the soft inner bark. The oleoresin is associated 
with (;xc(‘ss «of materials not us(*d up in the production of wood, 
leaves, and bark, but stored inside the wood. 

The (k>7iirm.ge.—-T\\e resin originating in the large cells of the 
resin ducts has a tendency to reach the circumference by means 
of th(^ snuill rc'sin ducts of the UH^dullary rays tangential and per- 
pendicular to them, so that a superficial incision inade in the trunk 
of the tree allows the extraction of the maximum amount of resin. 
The parts nearer the circumference arc richer in resin than the 
central part. The ta])per {qemineur) performing the operation of 
pricking (jhquage) stimulat(‘s the sc^ction of the vertical resin ducts 
and lays bare the small ducts of the new medullary rays. 

* The Carres. — Tlu' incision made on the trunk of the Pmus 
maritima is called a carre. The siz(‘ of the incision is regulated 
by the Administration des ForHs, and should not exceed 8-9 cm. 
in length and 05 cm. in height p(*r annum, which nuyins about 
3-50 metres {11*6 ft.) in the fifth year, when tlie work of a carre 
is ended. The de])th should not exceed 1 cni. These measure- 
ments are carefully controlled by means of a three-dimensional 
calli})er {cAirri metre). * 

The distribution of the carres is arranged out with tlie greatest 
care. The first carre is performed on tlu^ thickest part of the tree, 
which is iLsually on the east side. It is carri(;d out for three or 
four years until the annual incision reaches a height of 60 cm. 

After giving the tree several years’ rest, the se(;ond carre is 
made. This takes place at a point 120° N.W. of the first. The 
second carre and those which succeed it are carried out in the same 
manner as the first. The third is made at a point 120° from the 
, second on the south side, the result being that these three carres 
form the corners of an equilateral triangle. The fourth, which is 
opposite to the third, is made at a point 60° N.E. of the first, 
the fifth at the point 120° of the fourth, and so on up to the eighth, 
r There are several kinds of gemmage : 

(1) Gemmage by, exhaustion, applied to clearance pines. This 
is usually jx^Iormed on trees fifteen years old, which are exhausted 
in four or five years, after which they are cut down so as to admit 
air around the pines which will require longer treatment. 

(2) Perpetual gemmage (d vie), eonsisl^ing inemoderate incision 
in pines thirty years old^ during a period of any length broken by 
long intervals of rest. 

(3) Gemmage by exhaustion, preceding the razing to the ground, 

is performed on old trees marked for cutting down twelve years 
later. « , 

(4) Gemmage d mort, in which case the tree will be exhausted in 
one or two years. 

The tapper’s (gemmeur) tools comprise a sarcle d peler for 
remoypig the rough part covering the living bark at the point 
where the qarre is to be made. The hahehott is a kind of 
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hatchet provided with a handle 21 feet long with a curved blade. 
The barrasquiie or rasclet is a tool shaped like a curved gouge*^ pr(j- 
vided with a long handle much like the sank a peter. It is used 
for pricking (jnqua^e) the upper part of the earres, i.e. fv)r deoi^ening 
the grooves cut. Formerly this op(‘ration was acc(vjnplished by 
means of the habchott, and th(‘ gemmeur us(‘d a ladder called 
a crahe, which was a polo provided with several steps and forced 
into the ground. Of the two processes used for the rec;overy of 
the gemme the on(‘ called au pot is the only on(‘ in use nowadays. 
In this prcK;t;ss a transverse incision is made across the carre by 
means of pushcramps. This gi’oove' is intended to receive a sheet 
of zinc, furnished with cramps, beneath which is placed a pot of 
glazed clay for holding th(‘ gemme. Soim'times covered pots arc 
used to avoid evai)oration of volatile components of the gemme. 
The gemme which has (lri(‘d and harden(*d on the cfamp is called 
galipot. The gemme and galipot are collected and ])laced in lm*ge 
woodcm bowls. Onti carre can yhdd 1 500-2000 c.(5. per season. 
Tht‘ Bordeaux tur])entine fix^sh from the tr(H* has a dis*^greeable 
odour and an acid, bittt^r taste. It is a tliick, transparent liquid, 
which subsequently becomes cloudy and viscous. On the average 
it contains- 

Oil of turponiino 1.5-20 por cent. 

Dry products . . . . . 70-80 ,, 

Water 10 „ 

Hand and iriijniritKNs .... - „ 

• 

The collection of resin is made five or seven times during the season, 
but the last collections are much less rich in turpentine, oil than 
the liist. In the French process the trees are worked when they 
arc twenty-five years old and cuts continued until they have reached 
saw-juill size, i.e. when th(‘y are seventy-fiv(‘ years old. The trues 
are then felled by a travelling saw-mill and there is a second growth 
in the same area immediately afterwards. In the United States 
a given tract of country is worked only for six to ten years, but the 
exhaustion of the ti’ees is much more rajad. It is to avoid this 
exhaustion of the pine forests that the French system of tapping 
has been recently investigated by the U.S. Government. * 

Tschirch and Weigel give the composition of the gemme as 
follows : 

Kesinic acids 64 per coni. 

Essontia^ oils 25-29 „ 

Ruseno . . • 5-6 

Various 1-2 „ 

Tschirch and Bruning, on treatment of Bordeaux resin with 
sodium carbonate, obtained a soluble part, 64 per cent, which on 
treatment with ammonium carbonate ^ave a mixture of soluble 
pimarinic acid, Ci 4 Ho 202 , 6 per cent, and two acids insoluble in 
ammonium carbonate, viz. pimaric acid, CgoHgoOg, 8 per cent, and 
48-50 per cent of a- and /:l-pimarolic acids, OjsHgeOg. The part 
insoluble in sodium cai*bonate consisted of 25-26 per cent volatile 
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C|oHjg and 3-4 per cent loss volatile CjoHig, with 5-6 per cent 
bord6re8eno. The distillation of the oleoresin comprises the turpen- 
tine and rosin industry, which will be referred to in detail later. 

American Oleoresin, Turpentine, Gum Thus. — The most im- 
portant American varicities of tiu*}ien tine- yielding pines are Pinus 
jjalustris (iSouthern longleaf yellow pine), Pinus tmla (loblolly pine), 
and Pinus carih(m (Cuban or slash pine). Central America is as 
y(?t an undevelo])ed area (Mexico and British Honduras), but Pinus 
ayacahuite (Mexican white june) flourishes there. It must be 
pointtd out that tlu* oleorc'sin is found in all varieties of pine, but 
only a few give a flow of sap after tlu* incision of the bark ; thus 
the Douglas fir (British Columbia) does not give any yield of oleo- 
resin on ta])])ing, but turpentines may be obtained by steam or by 
destructi ve distillation. 

Morphology of Pinus palustris.— - The morjdiology of Pinus 
mavitima has b(*cn described es|x^cially in leference to the occurrence 
of the oleoresin in the wood. It is advisabk^ to give a short account 
of th(* location of the gum in tlu* Anu^rican Pinus palustris. The 
oleoresin is located in so-called “ resin passages ” or spaces between 
the wood cells, as shown in Fig. 22. The cells which are to 
yield gum are formed from the cambium layer, the narrow ring 
of soft, delicate; cells which lies between the bark and the wood, 
Fig. 22. During tlu* growing season the cambium forms bark on 
the outside and on the inside the wood of the new annual ring by 
the division and growth of its simple cells into more sptuaalised 
wood cells which develop variously into wood fibre's (T), ray 
parenchyma cells (MR), and other parenchyma cells (GP), Fig. 22. 
The special thiri-wallcd or parenchyma cells of pine, which are 
associated with gum production, occur in groups or clusters whi(;h 
frequently split apart at the centre to form more or less open spaces, 
the so-called resin duct.s, canals, or passagcfl. Although the heart 
, wood is found to contain a higher percentage of resin, it is in the 
sap wood that the resin is produced. The actively gum-yielding 
clustera-of parenchyma (;clls are found under the bark in the outer 
layer mad(; up of a varying numlxu* of the annual rings of the 
iWood. They remain alive longer than the other wood cells or 
fibres, and are able to grow and aet upon the materials that are 
brought into them, or stored in them, during the growing seasons. 
The wood fibres or tracheids, although dead in less than a year 
after they originate at the cambium, function nevertheless in the 
sap wood, somewhat like W'ater- pipes, in the (!Bnduction of the 
sap. The yield of gum depends very largely upon the health and 
activity of the thin-walled resin-producing parenchyma cells in the 
pine sap wood. If well treated the yield of oleoresin is high ; if 
lolled, the source of supply is lost. By stripping off a piece of 
bark and laying bare one square ,mch of the sap wood of long-leafed 
pine 3()0-4()0 horizontally extended rays would be exposed, each 
containing resin ducts or cells. The wounding of the tree appears 
to Stimulate the activities of the living parenchyma cells already 
present This response* to wound stimulus is noticeable in early 
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B, wood loruu'd by " bled " timbers. before turpentining R, also great reduction 

C, oarabiutu. in the sniunier wood. 

D, gum duet or resin eanal 2. A tree also turpentined for three years. 

GP, group of " gum-" yielding parenchyma Note more numenuis but smaller ducts 

colls not opened- 1*^' fcf m a canal. In B than in II (lower portion). Summer 

DIR, rays. • wood reduced her#also. 

AR, annual rings, on* year's growth. 3. A "virgin" operation ^\lth narrow chip- 

D and GP in.ilve up the mrtiml system of pln^. Growth was not reduced In this 

" gum-” yielding tissue. tree ; sample was cut in midsummer. 

H, Aoriwjitai resin duct as seen on surface of Note abundant resin - ptoducing cells, 

face or in plain sawn lumber. forming series GP. 

BK, bark, 4. Similar to 3, but shows more clearly 

R, wood formed in "round” timber, mmbium, 0, and the individual living 

SP, spring wood. • ■•gum-" yielding parenchyma cells in 

T, wood fibres or tracheids. groups or clusters GP. 

SNV, summer wood. , 5, Cross-section of new growth in spring 

wood. Only traclields T Imve yet formed 

I. A cross-section of a young fast-growing in new growth ring ; no ducts yet present. 

tree that was heavily turjumtined for 6. Lengthwise view of vertical "gum-" 
three years. Note reduced width of yleldftig system, GP, and end view of 

annual rings in B, compared with growth horizontal system at H. • 

t 
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single chi})ping a month before th(‘ rcignlar turpentining season 
begirfr, and produces a imuli larger annual yield of oleK)resin. It 
must be remembered that the production of tur])entine is not the 
tapping of a storage' reservoir. It must be carried on so as to 
husband the^ production of oleorcsin and control tlu' stimulation 
of the cells which [noduee it. The* most succe'ssfnl flow of gum 
conies from the stimulat(*el re'sin yie'leling parenchyma 0 (‘lls, which 
arc maintaine'd in as normal a conelitiem as ])ossible with reference 
to such factors as moisture and food supply. For fmtheT ek^tails 
rederciKic must be maele tei an article by Eloise Cerry on the 
Production of (hude (hm by the Pine Treey 

A. W. Schorge*!* finds that the efle'oiesin of heart woeid of the 
Demglas lir has a +2-84'’ arrd yiedds /-])in(‘ne (n„= -47-5°). He 
states that the phe)t()(*h('mie;al ])roce‘ss(‘s occur ring in tire* le'avcs and 
woody portion of certain e*onif(‘r;e arv eliffeTcnt. 4’ho oil or e*sse*ne;e 
from the leaves consists of close*d t ing eiermpemiids, chiefly terpemes 
in tire case erf Pinns sabiniana (digg(*r jrine) anel Pin us Jeffreyi 
(Jeffrey pfne*). I Voin the woody ])ortions of the* tie'e* ali])hatic deriva- 
tives arc obtained (normal he])tane). 

The oleorcsin from Pin us iada contains bVJO per cent esst'nce. 
Formerly it was collected according to the “ box " system, wherein 
the (‘xuded gum from “ chi]>]»ing ” or“ hacking ” of tlie bark above 
the box was tra])j)cd (Fig. 2J, kdt). The boxes are cut in the base 
of the tree about 10 in. from the ground. The box is a cavity, 
ranging in size from 10-14 in. in width, from 5-7 in. in tin* stump, 
and 'from 2^-3 j in. in tlu* back according to tin* size* of the 
tinilxT. Each box Ik rids about J gall, of ic'sin. The boxes are 
emjrtied six or eight times in the year, and 10,000 box(*s yiidd by 
each dip forty casks dip-gum oi* soft gum, each of 240 lb. weight. 
The exudation of the resin is greaU'st in Jidy and August. The 
coflection is kept up for four to fiv(‘ years and then tlu* ti*e(^ is 
. abandoned . This method of (X)llection has be(;n r(*j)laced by a cup and 
glitter sN'stem (hdg. 23, right), wdiieh preserves the life of tin* tree 
from fcvir to eight y(*ars. By this method two shallow incisions 
and two galvanised iron stri])s ((>-12 in. long and 2 in. broad) arc 
placed at 120° to each other, and above a cup which collects the 
exuded resin. Nevertheless, it is more wasteful than the French 
method. 

The solid oleorcsin left after tln^ removal of the fluid part of 
what has solidified on the stem is removed by scraping (scrape), 
and is knowm aa “ gum thus ” (the galipot of American turpentine). 

A. Carey states that, the yi(4d from the slash pine in much 
higher than from tlui long-leaf variety. The dip yi(‘ld can be 
increased by moving up the cuj)s annually. 

H. Adams states that redistilled Jeffrey pine w^ood-turpentina 
gave 90 per cent normal heptane ; and as the result of the examination 
of single-leaf nut pine, Jeffrey jfine, and Western y(*llow pine, it was 
found that the turps oil from the wood and oleorcsin are similar 
in character. 

Tschirch and Hortschbner give the composition of the oleorcsin 
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as containing parabietic acid, (sylvic acid of Fahrion'i, with 

an ethereal oil, a resene, and a bitter principle. 

Venice Turpentine. — Venice turpentine is derived from Pinus 
Larix, the oleoresin of which is collected in spring, principally in 
Piedmont and in tli(^ Tyrol. It contains resin acids G()-(>4 per cent, 
essential oils 20-22 per cent, resencs 14-15 per cent, and various, 
2-4 i^er cent. 



Fia, 23. — American coHcctinp boxes. Left : Section and view of box system, 
liight : t'n]» and guttiT system. 


Andes states that by fusion of colophony in rosin oil and by 
addition of tuipefttine 1^ obtained an artificial Venice turpentine. 

Strasbourg Turpentine (Pinus jneea ^ — Strasbourg turpentine 
solidifies by the action of magnesia, whereas Venice turpentine 
does not ; this is of interest, because of the general coagulating 
influence of all alkaline earths on the depolymerisation products 
of the resins either in the form ef rosin or of copal resins. It is 
collected twice annually (spring and autumn). It has a lemon-like 
odour. Its composition in amount of resin acids, oils, and resenes 
is nearly that of Venice turps. 

Canada Balsam. — The collection of the balsam from Abies 
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canadensis is tedious. A tree yields on ta})ping not more than 
8 oz., and the collection nnist be done in fine weather, otherwise 
the resin is cloudy. A tree flows only two years, and is then left 
three years. Even afterwards the yield is mucii smaller than in 
the first three years. The export from Montreal and Qu(*bec is 
20,000 kilos annually. 

TschirCh and Bruning have isolated from the oleoresin the 
following acids : 

Canadolic acid, (^igHopO.^ ) 


a and /:lCanadinolic acids, CJ9H34O2 
Canadic acid, (\9H24()., 


soluble in sodium carbonate, 
soluble in ammonium carbonate. 


The oleoresin contains resin acids, 63 jx'r cent; essential oils, 
23-24 per cent, b.p. 160''-70"’ C‘. and (H)ntaining Z-pinene, r(5S(ui(‘s 
11-12 per cent, and various 1-2 per ccmt. Canada balsam is 
distinguished from other oleoresins by its refractive index (1*5194- 
1 -5213 at 20° C.), so that a starch granule emi)edded therein remains 
visible, whereas in other balsams it is indistinct or disappears com- 
pletely. 

. The general ])roperties of the tcTebenthenes may be summarised 
as follows : 

(1) The composition of the oleoresins of most varieties of pines 

is essentially the sanu'. » 

(2) The essential oils are terpenes of different rotatory powders, 
acting as solvents of the resin acids, which are nearly of the same 
composition but differing in modificatiohs. 

(3) All may be made to yield a tur2)entine and a rosin. 

Canada balsam, Vt'niee and Strasbourg tur|)entine, are the most 

important oleoresins which are in general use. 

Elemi. — This oleoresin is mentioned only for the pur'pose of 
showing the gradual transition from the balsam-like character to 
.varnish resin, just as the following Boswellia serrata wull be referred 
tft to show the chara(;ter of a gum resin in wdxich the carbohydrate 
gum is associated with oleoresin components. 

Elemi may be either balsam-like, as the oleoresin previously 
/lescribed, or passing to a solid resin form. It is generally too 
soft for oil-varnish resjns, and finds use only in special spirit varnishes. 
It is stated that the films suffer on cxjxosure to light and air. The 
most important varieties of elemi (obtained from the Burseracea 
famil}^) are the Brazil, Mexican, Manila, and African forms. They 
are incompletely soluble in alcohol and turpentine, but soluble in a 
mixture of the two solven/.s. On distillation Elemi gives a mixture 
of dipentene and phellandrene.^^ The resin contains 20-25 per 
cent amyrin (a mixture of two crystalline amyrins, G30H45OH), 
which is considered by some to be an alcohol (resinol), as it forms 
crystalline benzoates, by oK^hers^ analogous to terpene hydrate, 
a-amyrin benzoate when distilled gives a hydrocarbon a-amyrene, 
C30H48, which forms a crystalline dibromide,* m.p. 259° C.^® The 
composition of the two varieties of elemi is shown in the following 
table : 
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Brazil Eleinl. 

Manila Elcmi. 

Amyrins, per rout 

.30 

20-25 

Resoiies „ 

38 

30-.35 

Acids ,, . . 

25 

1.3-19 

Essential oils, per cent 
Impurities, otc., p(‘r cent . 

5-{> 

20-25 


Indian Frankincense or Olibanum (Boswdlia serraia ). — This gain 
j’esin contains 55-57 per cent of resin, 8-9 per cent of tiirj^.ntine- 
oil, and 20-23 per cent of gum, of which 74 per cent is 
soluble in water. It has been proposed as a source of turpentine 
and resin.^** Olibanum is a gum oleoresin (incense) from the Salai 
tree, coming from India and Africa. The exudation is known 
locally as salaigugl. Except as a source of rosin and turpentine 
it has no direct use in th(‘ varnish industry. The low acid and 
saponification values of the resin (51-6 and 61-3) make it useless 
for soa])-making. I'he gum possesses weak adhesive power. The 
composition is of interest : 

Per cent. 


(Juni (carbohydrate' ) Huliiblo in water . . 30‘8 

Kesiri Holiiblo in alcohol ... . . Sh (on acid € 201130 ^ 3 ) 

Eyscntial oil . 8 

Insoluble • . 5*2 


The (\ssential oil on examination givtvs 81 per tient boiling 
below 160'' C. and 14-4 per cent between 160'' and 180° C.; + 4'54 Ad; 
s.g. 0’8435 (Eowler and Malankar).^® The terpenes arc stated to 
consist of pinene, dipentenc, canijihene, and p. cymeno. The 
method of sefiaration of tife resin and gum consists in removal of 
the oil by steam distillation and hydration of the resin by heating 
with v^atcr under pressure, whereby the hydrated resin floats on 
the surface and can be removed as a solid on cooling. The gum 
forms a flocculent pretupitate on the bottom of the vessel. 

The Varnish Resins 

The resins arc essentially exudations from trees (the direct 
v(igetabl(‘ origin of lac is disputed). About five-seventht? of the 
total imj)orts of vaiiiish resins into the United Kingdom are obtained 
from Imperial sources. In 1908 the imports were valued alt 
£2,803,535 ; they included ^shellac from India, kauri from New 
Zealand, copal from British West Africa, ,animi from Zanzibar, 
copal and dammar from Singapore. Most of the Zanzibar copal 
is collected in what was formerly German East Africa, and a large 
part of the‘ Singapore •copal comes from the Dutch East India 
possessions. The varnish resins are more or less hard, friable or 
brittle, transparent or lustrous; . They are insoluble in.water (cf. 
Boswellia serrata ) ; some are soluble in alcohol, ether, or benzol ; 
others require strong fusion before th(^ can be incorporated with 
solvents for varnishes. \ The researches of Tschirch and his pupils 
have thrown light qp the composition of the resins, but fuller 
investigation is necessary, and a careful comparison of the components 
and of their decomposition products is very desirable. Generally 
the resins contain adds (resinolic acids, Tschirch) ; e.g. fosin 
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(cc>lo||hony) (contains abietic acid, amber contains succinoabietic acid, 
from which succinic acid can be isolat(‘d ; dammar yields dammarolic 
acid, CggHgoOg, and dammarylic acid, ('afiHgoOg (Franchimont) ; 
Zanzibar copal contains trachylolic acid, ^ W>i^5808 * 

Some acids are monobasic, others dibasic, etc., and oxyacids. 
No great r(‘lianc(' can be placed on the formula^, as will be seen 
from the proposed formuhe for abietic acid given under colophony. 
There is always the uncertainty of (complete luirity of the acids 
analysed ; jnor(‘OV('r, in bodies of apparently high molecular weight 
the unavoidable analytical errors make it difhcult to fix the number 
of carbon and hydiogen atoms with certainty. Important com- 
ponents are the rescuuvs (Tschirch), wliich are oxygenated bodies, 
neither alcohols, esters, ketones, nor akh'hydt's. Th(‘y are in- 
soluble in alkalies, and their inertness renders their j)resenee in 
resins of great im])ortance in varnish making. 

It has been suggested that the resene content is of value in 
estimating the (juality of a Aarnish gum, but as dammar contains 
62*5 ])(;r cent, Zanzibar only per cent, and Manila copal 12 })er 
cent, it cannot be said that there is much practical importance 
in the statement. 

Dammar contains a resene, (iiHj^O (m.p. 65° C., sol. in alcohol), 
and /i-resene (m.]). 2(M)° C., insol. in alcohol) as well as dammarolic 


acid, C'seHgoOg, and a terpenc, 

IN'rmit. Peri'pnt. 

Acid dammarolic . . 2.'P() Water .... 2 5 

a-reflono .... 4()'() Ashl'olc 1 r.T 

jd-remne . . . . 22’5 Volatile matter . . O’e 


The resenes are stated to be derived from the oxidation of 
alcohols (resinols) ; they may be also of the nature of hydrates 
of the terpenes (terpineol). Dietcrich states that fifty-three resenes 
are known. 

, The main constituents of the resins according to Tschirch are : 
resin esters, resin acids, resenes, and resinols. 

Amber contains a suceinoresinol, CigHo/) (m.p. 275° G.); pine 
resin, a pinoresinol, GjgHjjjOe pimarinic acid, Ci4H2o02> and 
^imaric acid, C20H30O2). 

Elemi contains a- and /^-amyrin, C3oH4jiOH (m.p. 183°-184° C. 
and 193°-194° (\).2i 

Sumatra benzoin contains sumresinotannol, 048Hi903(0H), which 
yields picric acid with nitric acid and p\TOcatechnic acid on alkali 
fusion.^ Yellow accroides contains xanthp-resinetannol, C43H4 ,Oi„ 
(Tschirch). Resinols haye been separated from the softer oleo- 
resins : cf . elemi, benzoin, turpentine. 

The resinotannois which yield aromatic degradation products 
occur in the soft olcoresins such as benzoin, tolu balsam, and. 
aoaroid. The resinolic acids a^d the resenes are characteristic 
of the hard oleoresins and copals as well as of the soft oleoresins. 

The Formation of Resins^ in the Plant.— The resin secretion 
cells, of a plant may be stimulated by wounding to give a flow, 

♦ Manila copal yields three monobasic acidd, CinKijOj, and 

(G. K Richmond. Philinnin^.J. SIm... IftlO K 177 i 
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and even if the plant shows no such secretion cells these can be 
generated, as in Liqnidamhar and Styrax, by destroying the new 
wood, whereby the flow of balsam can be (continued for years, if 
the wound be enlarged from time to time. According to Wiesner, 
Moller, and others, nearly all the rosins, gum resins, and balsams 
are formed in spc'cial secretory glands. The solid resins, such as 
those furnished by Umbcllifera? (asafmtida, ammoniacum, etc.) 
are oxidised by the epithelial cells in the chizogenic^ glands, whilst 
th(‘ balsams are foi’uu'd in the lysigcnic oil cavities by dissolution 
of the cell membranes.^- 

In the case of lac, Tschircli favours the view that it is partly 
v(>getable and partly animal in origin, dlt is a sp(‘cial resin, contain- 
ing a wax and colouring matter in addition to resin. 

It is chiefly in connection with the oleoresin from the many 
species of pin(‘ that the production of resins in the plants has been 
systemati(;ally studied (see ])age 97). Many forms of (^o]ml are 
f>f fossil origin, whilst the softc^r vari(‘ti(‘s are colleeted by aborigines 
from living trees, but little attention is ])aid to iiuproving the yield 
or extending the cultivation of th(‘ panuit trees. 

Classification of the Resins. — In view of the com})lt‘.xity of 
chemical composition, and in spite of the investigations of Tschirch 
and his pupils, it is difficult to clas^iify resins satisfactorily, so that 
differences of clumiical composition will go hand in hand with 
j)hysical properti(^s, which an^ appar(‘ntly the more deciding factors 
of industrial importance. • 

Tschirch in 1S99 diew up the following scheme of classification : 

(1) Resinotannol resins: (a) benzoic acid resins; (b) umbellifer 
resins. 

(2) Resene resins : {a) droseracete n^sins ; (h) dipterocarpcae resins. 

(3) Resinol resins. • 

(4) Resinol acid rt^sins : (a) conif(‘ra) resins ; (6) cfesalninoidese 
(hymencBa) resins. 

(5) Gluco-resins, 

Dicterich proposers the following classification : 

(1) Resins which are esters of the aromatic scries, either con- 
taining free acids or not : benzoin, dragon’s blood, accroides* 
These resins are soluble in methylated spirit. * 

(2) Resins wffiich are esters of specific rosin acids, with or 

without free resin acids and containing essential oils, turpentine, 
mastic, elemi, etc* These are soluble or partly soluble in methylated 
spirit, or soluble in orgifhic solvents. * • 

(3) Resins which arc not esters, bift contain only free resin 
acids, occasionally accompanied by inert admixtures (resenes) ; e,g. 
colophony, copals, sandarach, dammar, guaiacum.* 

I The above schemes are of little practical value where it is 
essential to grade gums by theii^ hardness, or more especially by 
the hardness of their«films after sweating or running. ) 

Another classification is by age (balsams are excluded) : 

(a) Recent resins, pe. those which arc obtained either from 

* Holdt, Gardner and Jameson subdivide (3) into 3 groups based dh the 
relative solubility of^the unsaponifianle portion of the resins.** 
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growing trees or from trees growing within recent times ; this 
includes many of the copals and colophonium. 

(6) Recent fossil resins : copals (certain varieties). 

(c) Fossil, resins ; e.g. amber and the harder varieties of copals. 

This scheme is not satisfactory, and is justified only by the 
experience that the older the gum the better it is considered to be. 

(bffignier classifies the resins by a scale of hardness determined 
by, a special machine : 

(1) Hard resins; (2) semi -hard resins : (3) soft resins ; (4) special 
class, including amber, kauri, pontianac, and shellac ; (5) various. 

These art' follow(‘d by the oleoresins (fluid and semi-fluid) and 
the fluid balsams. 

There is very considerable overlapping of each class in all 
schemes. It must be renuMubered that solubility is an important 
factor, and attempts have been made by Coffignier to connect this 
property with the practical value of the resins. 

In varnish- making then^ ai-e marked divisions between the oil 
varni.sh resins, the spirit varnish resins, and resins which are 
soluble in special solvents, but again there is overlapping. It 
may be stated with fair a'oeuraeV that the spirit varnish resins, 
with the exception of kauri (which is also soluble in alcohol), are 
not favourably accepted by varnish makers if lins(K‘d oil be used 
as medium (rosin wood oil mixings are now acceptable). The 
soft recent resins are generally completely or nearly completidy 
soluble in methylated spirit ; the olec.'csins are generally soluble, 
likewise the balsams, except those containing true gum carbohydrate 
components. The copals arc sparingly soluble with the exception 
of kauri. In general, sparing solubility in methylated spirit goes 
with age, as in the case of soft and hard manilas. For practical 
ptirposcs the writer considers that this classification is simpler to 
follow, and prefers to grade the oil varnish resins according to the 
h|irdne88 of the oil films which they produce. 

General Characteristics of Resins. -^Important characteristics 
of the resins are colour, hardne.ss, lustre, and specific gravity/ 
Some resins, e.g. mastic, occur in drop-like forms as the resin flows 
?rom the tree, others in short cylindrical pieces agglomerated 
together, as in sandarach, and others in large, irregular-shaped 
masses, as in copal gums. ^'Lac apjiears in the stick form from 
the twig on which it has been produced by the lac insecty In the 
trade the resins often appear in artificial formic due to pre^dous 
treatment in the country of origin ; e.gl shellac in thin plates, 
dragon’s blood in sticks. The surface of the resin is often character- 
istic ; e.g.^ the weathering of the surface produces a goose-skin 
appearance, as shown in Zanzibar copal. 

j^-ccording to Wiesner, Die Rohstoffe des Pflanzenreiches,” 
not one of the plant rosins is a chemical individual, but is a complex 
mixture. Mastic, sandarach, and dammar appear to be homo- 
gjpneous ; crystals are sometimes found in a matrix of resin, as in 
elemi, and abietic acid ^crystals in Americjin turpentine oleoresin. 
The ’fra'Cture of the harder resins js characteristic and conoho|dal, 
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feometimes lustrous or dull; e.g. Zanzibar copal shows duW and 
lustrous alternations. Benzoin, yellow accroides, and others show 
ahiiond structure with conglomerates of cloudy, rounded masses. 

^Colour . — The colour is very varied ; from the .colourless to 
red of dragon’s blood, yellow of gamboge, and the black of some 
varieties of colophoniura'. Generally the colour is yellow to brown. 
The lustre is vitreous, but it may be waxy, as in the so-called almonds 
of benzoin. Some copals are entirely lustrek‘ss.^> 

ftelative Hardness . — According to Wiesner (loc. cit.) the hardness 
of the copal resins lies b('tween gypsum and rocksalt, and a few', 
e.g. elemi, are so soft that they (tan be worked in the fingers. The 
softer varieties have naturally low melting points. Bottler, taking 
Zanzibar copal as tlic hardetst, classifies copals in order of descend- 
ing hardness : Zanzibar, Mozambique, Lindi, Red Angola, Pebble, 
Sierra Leone, Yellow' Benguela, White Benguela, Cameroon, Congo, 
Manila, White Angola, Kauri, Sierra l^^one (new), Hyniena^a (Brazil), v 

Nicolardot and. (Vjfhgnier describe an apparatus for determin- 
ing the relative hardness of resins by measuring the diameter of 
the impression made on a test block of the resin by a steel ball 
(2 mm. diam.) fixed on a 5 kg. w^eighted*rod after 5 sec. and 10 min. 
contact at 0” (J. and at 25 C. According to the measurements 
obtained, resins are classified as foH^)Ws : 

Hard resins : Zanzibar, Madagascar, Demerara. 

Semi-hard resins : Congo, Benguela, Cameroon, Angola Red, 
Brazil, Angola White, ManiJa, Sierra Ijcont*. 

Soft : Pcmtianac, Dammar, Mastic, Sandarach, and (yolophonium. 

Manila and Kauri vary according to the source. 

The soft resins break under the w^eight of the 5 kg. charge. 

Special class : Amber, Kauri, Manila, Pontianac, and Lac. 

Other schemes have b(jen suggested by Britton ^ and Parkei*^® 
and the latter has attempted to use the Shore ‘‘ Scleroscope ” 
Standard Tost and finds that it picks out the very brittle resirj 3 , 
but is of little value in distinguishing medium and hard resins. 

Solubility . — The imi)ort.ance of the solubility of the resins has 
been already referred to. Some resins are readily soluble in methy-^ 
lated spirit and are used in spirit varnishes, viz. shellac, sandarach,' 
colophonium (rosin) and the softer varieties of copals. Others, 
such as dammar and mastic, arc' soluble 4n turpentine. Ether, 
benzene, and acetone are solvents for a number of rosins. The 
copals are gonoT’aJly insoluble in vegetable oils until ^hey are “ run,” 
but they will dissolve I'eadily in the acids obtained from dr 3 dng 
oils, although they are precipitated on*addition of thinners. In 
petroleum they are insoluble or sparingly soluble, even when “ run,” 
so that addition of excess of petroleum thinners tends to render 
the resin in a resin-oil mixing ve^ projie to separation. Terpi^eol 
is also a solvent for a number of resins, also epichlorhydrin (Valenta). 

The following table shows the solubilities of a number of resins 
obtained by Coffignier, who has determined the percentage of 
insoluble matter left a§ier digestion of tho resins with the solvents 
mentioned in the table : 
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Madagascar <-opuI . 


1 
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insol. 
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71 

05 

78 

insol. 
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„ tused . 

1 

152 

r ,52 

J5 
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7r. 

20 

10 
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It is only in a vctj few instances that insolubility tests can be 
considered as reliable for purposes of specification. 

Melting Point. — On referenc^e to the table given below it 
will be seen that for each resin there is a softening point and a 
URjlting point at which there is often decomposition. H. Wolff 
gives a lower melting point at whidi the nnsin becomes transparent 
and a higher one at which the resin fuses completely in the eai)illary 
tube : 



Lower Melting Point. 

Upper Melting 
Point. 

- 

'’C. 

"C. 

Shollac 

90-100 

116-120 

Bleached sheila^ . 

G0-70if much water is presont. 


Dried, shows saine melting 


< 

Accroidea ‘ . 

point as the imbleached 
variety 


80-100 

160-180 

Manila 

85-126 

110-180 

Kauri 

, 111 

115-140 

Brazil (hymencBacoubaril) . 

1 77 

115 

OEUiierooii (copaifera sp.) . 

96 

UO 

Hard Angola 

125 " 


. IHaiiizibar (fossil) . 

168 

340-360 

Lindi 

143 

340 

. i 
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It is evident that tlic melting points can only hti approximate, 
because of the variation in comjmsition of each variety of copal. 
It is natural that the younger the n‘sin the lower the melting point. 
The melting points may Ik‘ dett)rmin(*d b\' usual (y* by spc'cial 
methods.-’ « 

The *' l)ri]i ” point is a rough melting ])oint test in which 
the mass of the sample used is much great(‘r than in true melting 
point d(^t(‘rminations, and hence viscosity and surface ttuision of 
th(‘, melting mattaial must be ('onsidered. it is of more value 
than tlu^ inciting jioint, but th(‘ standardisation of test conditions 
is too dilhcult. 

Aculitii. Saponificaiion VaJnr ami Iodine Value . — Although 
physical tests ai’c* of more valiu‘ than chemical constants, tin*, 
acidity of a ?'('siii is a factor to be considered in its bcdiaviour in 
a gum mixing. In tin* sweating of a gum it will b(‘ noticed that 
ther(‘ is oftc'n a lowering of the acidity. In the colloid mixing 
in wliicli th(‘ TC'sin is pi'csent a d(‘ereas(‘ in acidity is accompanied 
by a decrease in disjiei sion, and th<‘ fluid thickens or h^eds up, con- 
sequent on th(' r(*du(*tion' of tin* acidity on sweating. In the table 
shown on ])age 122 it will be noticed that. th(‘ harder fossil resins 
have a low acidity. The low acidity of kaui'i is noteworthy, and 
it is of great ’'alue in (‘iiamel paints, dm^ to its non-h'cding-up 
properties with jiignumts. The conn(‘ction between acidity and 
the f(‘cding-up of mixings has been much discussed, but it is con- 
sid('red that tii(‘ acidity is mjt the* only factor in tin* phenomenon. 

Ouing to the spaung solubility of resins in many solvents, the 
determination of th(5 acidity has been under much discussion. 
Dieterich (lac. cil.) summarises the details of the methods up to 
the beginning of this cimtury. (\)ffigni(‘r {loc. cit.) prefers to treat 
a solution of th(^ resin obtained by (‘xtraction several times witii 

per cimf alcohol hot, using a reflux condenser. The extract 
is filtered, and the acidity of the filtrate is determined and expressed 
in mgi'ms, KUO per gram of resin. The jiercentage of insoluble 
matti'r in absolute alcohol is also deterjuined (page 122). 

It is notict‘able that some of the very s])aringly soluble resins 
have a high acid value, indicating that the alcohol -soluble acids* 
differ gn^atly in n^ai^ting weights. J. Mareu^son and Wintcrfeld 
the use of equal parts of benzol an(J absolute alcohol for 
extraction of the adds previous to titration. The Avriter favours 
this proposal, as Hie same method is of use in determination of 
the acidity of a v arnish mixing whereby the end pomt of titration 
is clearly defincil.*^® Direct titration of the cold solution should 
be used, but some materials demand back titration. Jn many 
cases it is desirable to use both, and some useful information fre- 
quently results from the double test. 

The Saponificaiion Value (KSttstorJeVs Meihod ). — This figure 
is obtained by half ap, hour’s digestion of the resin with excess of 
standard alcoholic KHO, and is really the sum of the acid and 
saponification value, representing what is ki^own as the Kottstorfer 
value. On comparison * with the figures given in the table# on 
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page, 122 it will be noticed that the ester content of the resins 
is small compared with their acid content. 

Iodine Value, — ^The iodine values of the resins, as obtained by 
either the H^bl or Wijs method, are of importance in practice only 
in the analysis of shellac, which has a much lower value (16-17) 
than that of rosin ( 1 12-172), with which it is adulterated. A method 
of estimation of rosin in shellac is based on the iodine value (Lang- 
muir). The values given in the table (page 122) indicate only the 
presence of unsaturated linkages in the resin ring and ar c' not- ust d 
for comparison of drying or oxidisah i' powder, as in the of the 
drying oils. The higher the iodine value the greater will be tlu^ 
tendency of the resin to become oxidised and to pass to a spirit- 
insoluble form, which may be of the nature of a It is most 

probable that resenes are formed in tlu' varnish tilm, as well as 
Jinoxyn, during tht‘ process of drying. 

The statement by Parker that Hiibrs method givM's better 
results than Wijs and Kaniis is supported by M‘Lean and Thomas, 
who iind that Wijs’ solution causes a eonsidcjvible amount of sub- 
stitution. 

Estimation of Resins in Mixtures. — The estimation of resins 
in a ?nixture by chemical methods is not conclusive. The iodine 
value, acidity, Kdttstorfer values give indications, but the com- 
position will be essentially speculative, and it is only in the special 
case of shellac with rosin (iodine value and Twitchell’s nudhod) 
that the results can be relied on. 8tew^art put forw^aid a method 
of estimation of mixtures of dammar and kauri. H. Ingle has 
devised a method for detecting and determining quantitatively 
kauri, manila, and dammar in admixture by means of the acid 
value and solubility in carbon disulphide. Kauri, manila, and 
dammar gums have acidities 50-70, 107-156, and 30-32 respectively, 
and on boiling each of the gums wuth a 5 per cent sodium car- 
bonate solution, acidulating and weighing the precipitated acids, 
the yields were 6 per cent, 93 per cent, and 2*5 per cent respectively. 
Kauri and manila are completely soluble in benzol-alcohol (1 : 3), 
whilst dammar leaves 36-44 per cent insoluble, but is soluble in 
carbon disulphide. The analytical results obtained by Ingle from 
mixtures of known Composition are quite satisfactory. Ilietcrich 
(loc. cit.) states that the following quantitative methods are applic- 
able for the estimation of balsams, resins, and gum resins : 

(a) Acid value ; (b) saponification value ; (c) percentage of 
moisture ; (d) ash ; (e) percentage soluble ^and insoluble in alcohol ; 
(/) specific gravity ; {g) percentage of solubility in other solvents. 

Coffignier {loc. cit.), who has investigated the properties of 
resins for a number of years, states that the superficial examination 
by experts is rarely at fault and much of the resins used in varnish 
making are obtained on such recommendation. In the writer’s 
opinion much is to be said for Ooffignier’s, view, but cases have 
b^n. known in which a closer attention to Dieterich’s seven points 
^veii above would h^-ve avoided the occurrence of undesirable 
properties in special varnish mixings. It Vill not help the elucida- 
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tion of varnish problems if the resins are bought on superficial 
examination, so that in the mixings the special properties of the 
resin depending on chemical composition are ignored, which they 
cannot be. In a colloid mixing, variation in chemicabcomposition, 
however slight, may have great effect on the resulting film, and the 
acidity of a re-sin may have a decided influence on the oil with 
which it is incorporated. 

The ash content of a resin ought to be low ; a West African 
copal may contain 0-2-2 per cent ash, rnanila 1 per (icnt, and kauri 
0*5-5 -5 per cent according to the grading. The loss in weight 
on “ rnmiing ” is given as more or l(‘ss 25 per cent, but this figure 
cannot be relied on, because it is entirely dep(‘ndent on tlie ])roeess 
employcid. Sonu' state tliat the desirerl conditions of incoiporation 
with lins(‘ed oil may be obtained without loss in w(Mght.^‘^ The 
process is cssejitially one of d(‘])olynnerisation, but the; conij^lexity 
of the resins must admit of partial d(‘coni position of tin* component 
a(uds, with the liberation of volatile and fluid liydrocarbons (copal 
oil) and tin* fonuation of. acidi( anhydrides and lactones. Refer- 
ences to the (‘hang(‘s cxicurring during the sweating of the resin 
will be given in the next chapter. 
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CHAPTER YIl 


OIL VARNISH RKSINS 

ADorriNo the niniple classification given on ]>. 110 the copals 
ap|K^ar in the class of oil varnish resins. Ttiey ai’e recent or 
fossil, and are found in prehistoric forests or are dug out of the 
soil in what is still a forest legion. The changes which have 
occuried in th(‘ secreted or exuded gums arc Tiot understood. 
Undoubtedly there has been reduction in acidity, with polymerisation 
or (joagulation, and oxidatit)n has occurred (tlu‘ resenes are inactive 
oxides). It is unwise with our prevsent knowledge* to s})eculate as 
to the changers in such a complex mixture of colloid comjjonents. 
The recent copals, including manila, pontianae, ete*., are not in 
demand by makers of high-class oil varnishc^s, but their softer 
varieties are soluble in methylated spirit. Rosin (colophony) is 
ofkui a component of low-grade oil varnishes when rosin is cheai)er 
than copal (as it usually is), cs]K^cially in varnishes containing 
China wood oil. Among the oil varnish resins amber must be 
mentioned, although it is little used because of its yaice. Tlio 
second class of varnish resins includes those solubk* in methylated 
spirit — lac, sandarach, mastic, manila, coj)als (soft), rosin, and 
acaroid resin. They are used for coatings, giving lustrous films of 
a brittle character (mastic is soft and elyistic) and of comparatively 
flight durability for outside wear. Tjac is undoubk^dly the most 
valuable of this class, although mastic is used as a picture 
varnish, when dissolved in a suitabk^ solvent. The third class 
includes many of the sec(*nd class in addition to oil varnish resins 
which have been fused or “ run.” The solvents employed may be 
turpentine, benzole, acetone, or coal-tar naphtha. 

The above classi^cation is only fairly satisfactory, but it is 
impossible to ado})t any s(;hcme based on differences in chemical 
composition, when in practice differences in physical properties arc 
paramount. v ' 

The synthetic resins* belong to the second and third-classes. 
Few synthetic resins (e.g. albertol and cumarone resins) have been 
obtained which can be satisfactorily incorporated with oil. The 
resins obtained from phenols and their homologues by condensatiem 
with aldehydes and ketones ai^^ usually dissolved in methylated 
spirit when employed in varnishes. The ^.cumarone and indene 
artificial resins and duroprene belong chiefly to the first and third 
classes respectively. At present, owing to their comparatively high 
priee,4hey have only limited uses. 
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OOPALS 

These are essentially fossil, recent fossil, and recent resins. 
Th(^ t(irrn copal is a comparatively modern word, a/id according 
to Sabin is of Mexican origin, and said to signify any kind of resin 
exuding from trees. The earliest writer who mentions copal as 
an ingredient of varnishes is Era Eortunato of Rovigo, between 
1059 and 1711. (.V)pal is now a generic Umn to include all varnish 
resins which ar(‘ commonly incorporated with drying oils. The 
stakmient by Sabin that co])aI varnish is a trade name for a very 
inferioi* article made of common rosin is certainly not true in 
Europe, where it (huiotes rather a fossil gum-oil varnish. At present 
the bulk of th(‘ co])al used in oil varnishes in this country is of 
fossil origin obtained from (.Vntral Africa (Congo), Zanzibar (Animi), 
West Africa (Angola), Manila and the East Indies (Manila), and 
New Zealand (Kauri). The supplies of fossil copal are limited, and 
sooner or latc'r the softer copals obtained from the living trees 
Avill have to be utilised. It is stat(‘d that the su]>])ly of kauri 
copal will last only for forty years/ but W. E. Langguth considers 
that ther<‘ is as much gum in the ground as has yet been taken 
out, and that the availabl(‘ supplies are sufficient to last many years. 

Kauri.— The rt'sin is a fossil from Dammara Australis (Agathis 
Australis), a species of New Zealand pine. The gum obtained from 
the living trees is known as young kauri, and is softer and almost 
colourless. Young kauri trees when tapped yield the resin, and it is 
not unciommon to hnd de])ositH of resin in old trees. The occurrence 
and (jollec.tion of kauri have been described in many text-books 
in considerable detaii,^ as well as the statistics of the kauri gum 
industry and methods of sejjarating kauri gum from extraneous 
material, also the kani’i gum industry of New Zeal^id.'* A f»ll 
account of the kauri gum industry of to-day is given by W. E. 
Langguth (lac. cit.), of which a brief abstract is given with a tabje 
showing the export of the gum. 

The value per cwt. to England averaged 44s. Od., whereas to 
America it was Oils. 9d. to (iSs. 3d. The Americans buy the 
higher class of kauri. * 

It is estimated that Agathis Australis takes from 200 to 300 years 
to reach full maturity. There are few tre^s south of Auckland, 
although some pie<"es of gum have been collected in the South 
Island. The gum is of two types : (a) fossil, of which there is by 
far the largest quantity available ; (6) that obtained by making 
incisions iu the trees, called bled (or buSh) gum. The size of the 
ground gum varies from lumps weighing 1 cwt. to that, known in 
the trade as chips. Successive generations of trees have fallen on 
the top of one another and have thus formed deposits which often 
lie in strata. Gum is found as deep as 20 ft. below the. surface, 
but generally at a depth of 4-8 ft. on hillsides and in basins. The 
basins are usually swamps, and in some districts are of a peaty 
nature. The gum digger knows where to, find the kauri from his 
knowledge of the formation of the ground, and locates it by means 
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of a spoar, A gum spoar is a long, rectangular tapered ribbon of 
steel, 5 ft. long, with a handle similar to that of a spado fitted 
to the thick end. Thc^ spear is driven into the ground, and by the 
feel it can be ascertained if the point touches gum or not. In 
swamps the water is removed from the holes by pumping. The 
gum-bearing an^as are bleak and sparsely populated. Tht* kauri- 
bush or bled gum is obtained by making incisions in the bark of 
the tree, from whence the saj) runs. The semi-plastic gum is allowed 
to harden in the sun, sheltered from the lain. The tret^ (‘an only 
be bled for tIir(Hi years in succession, otherwise it is liable to die, 
and the quality of the gum deteriorates with each year’s bleeding. 
Bush gum, although of good appearance, is immature and contains 
acids which make it unpojmlar with varnish makers. The fossil 
gum is washed and graded by hand by the exporter. 

The principal factors which determine the value of kauri are 
* colour, hardness, size, and cleanliness. The higher grades are used 
in the manufacture of varnish and paint, the poorer sorts for 
linoleum. Mac'hincry is bt‘ing u.sed to replace manual labour, but 
the difficulties caused by the large number of trunks, limbs, and 
‘roots buried in the ground have not been overcome. The American 
varnish manufacturers state that there is no known satisfactory 
substitute for kauri, when it is desired to produce a high-grade 
and good -wearing varnish. In 1915 the New Zealand Government 
decided to enter the gum trade to maintain prices ^ but by injudicious 
bu 3 dng on a large scale sent up prices too high. There is now 
some supervision of the tapping of the trees for bush gum,' but its 
quantity is small compared with the fossil. Attempts are being 
made to facc-dig certain swamp areas and to remove the surface 
of the soil and, in some places, practically all the soil ; the material 
removed is passed through washiilg machines and the gum extracted. 
A considerable quantity of bold gum is being collected and the 
refuse distilled to give a kauri gum oil, which is being used as paint 
"oil, leaving a residue of ,pitch. 

East African Copals, Zanzibar Gopak— This copal (Animi) may 
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be taken as typical of the East African copals, which are derived 
from a s])ecios of Trachylobium occurring in Madagascar, in (formerly) 
German East Africa, and in Portuguese East Africa. It is said 
to occur in British East Africa. The fossil gum is fopnd in sandy 
soil near the coast at a depth of about three feet. The resin- 
bearing trees also exist, and their mature fruits contain 1 5 per cent 
resin in the kernel and 8 per cent resin in the rind. The fossil 
copal has a pecniliar goose-skin surface, and occurs in various sized 
pieces, but not in large masses like kauri. It is the hardest fossil 
copal and cannot be scratched by the nail, and has the highest 
melting point of any copal. Bottler found the melting point of 
some sampl(;s as high as 840°-860® 0. Its solubility in solvents 
and oth(!r constants is given on pp. 110 and 122. 

Madagascar -Madagascar copal is found as fossil and 

is also cultivated. Th<‘- fossil is less hard than Zanzibar, and more 
decidedly coloured. Mozambique and Lindi are similar copals of 
about equal value. 

West African Copals. — The West African copals (Angola and 
Congo) are probably derived from Copaivera mopane, which occurs 
in the grc‘at forests in the Congo basiii. Red Angola is a fossil 
form found in the soil (four metres de^e])). Its surface resembles 
Zanzibar, but it ocx-urs in much larger gi’ains. 

Benguela (Lisbon (jopal) is a resin difficult to fracture, coming 
to the market in characteristic lumps with deep indentations. It 
is of red to yellow colour, usually covered with a white opaque 
crust. The (k)ngo resins have of late become popular among 
varnish makers, and a recent account of their occurrence and 
collection is of interest.^ 

Congo Copal. — In the Belgian Congo the copal is a secretion 
of Copaifera Demeasii and Ldquidarnba styrflua. The districts in 
which the copal is actively collected are essentially the tributary 
valleys of the left bank of the Congo between Stanleyville aqcl 
L(*o})oldville. There are several varieties of copal according to where 
the copals are collected — copal d'arbre, copal de forH, coj)al de 
rivi^.re, and co 2 )al d'eau. Copal d’arbre is of medium value, being 
natural excrescences from tree wounds. Copal de forH forms 80^ 
per cent of the copal yield of the colony. The resin occurs in 
marshy districts comparable with the occurrence of kauri, but 
there is a considcM able admixture (3-30 per cent) of mineral 
matter. The cot>{j 1 blocks (pieces) are found at depths of 5-90 cm,, 
and are in demand by Garnish makers. The collection is carried 
out by natives who camp out in the gum -bearing areas. The 
women and children use a sounding rod somewhat similar to that 
used by the kauri digger, but more primitive, and f)n the location 
of a lump it is extracted. The men ^ovide the camp with food 
and do not dig. * 

The period of collection is from February to July, and begins 
when the soil has been sufficiently softened by a covering of water 
after the rains, which will allow the collector to walk half ankle- 
deep in the soft grounJ. A gopd collector can obtain 25-35 -kilos 
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of refjr'in per day, or 15-18 kilos on the average. Tlie eollt!c;tt‘d resin 
is dried in the sun and frt'od from earthy impurities by hand. The 
copal is bouglit froju tho natives either by tlie district authorities 
or by buyer, s visiting th(‘ camps, at prices whit*)] vary with the* 
distiicts, oi* about 15-25 cents per hilo. The broktTs sell at prices 
varying l)etween 1250-24(K> francs per ton (1250 1500 francs corre- 
sy)onds to 7Ss. per cwt in London, and 24-00 francs corresj)onds to 
559{) francs j)er ton at Antwer])). The cleaning of the resin is 
carried out at the dc])6ts, and the gum is ])acked in sacks of 45-75 
kilos. In 1920 (nine iiionths) 9,802, 790 kilos w(‘t-c carri(‘d by the 
Congo Railway. Ln 1919 the export from the colony was 0281 
tons. According to (V)fhgnier tht* t‘xport of Bt'lgian cf)pal was 
375,500 kilos in 1912, and 807,000 kik)S in 1910.'’ 

Copals from the Gold Coast Region. — In Southern Nigt'ria, the 
Gold Coast, and Ashanti, Danidla oblowja is the source of the resin, 
and in Sierra Leone and Frcmch Guin(*a, a species of Cyanoilnirfinii. 
The supply of fossil gum is now \ ery limit(‘d in this region, and all 
th(' copal resin from British W. Africa is obtained from living tre(*s 
and is not a fossil gum. Tlu* forests run the danger of being d(‘pleted 
by wasteful ta])j)ing. In Sierra ljC*oiie the trees are ta])j)ed on a 
definite system, which consists in cutting out ])ortions of tlit; bark 
about 2-8 in. scpiare, at intervals of about 9 in. on the suiface 
of the steiii and large*!* branches of the trc*!*. The process resembles 
the tapping for rubber (u* tur])entine oleorcsiri, but it is more 
difficult, because the i*ub])er latex is seci*eted in lactiferous cells 
lying near tlu* surface, whilst th(^ resins are secreted in isolated 
vesickis in the bark or in resin ducts lying in the bark or in sap wood ; 
moreover, the trees do not show such a “ wound response ” as in 
the case of the Para rubber tree, which gives a largt* increase of 
lat(‘X on second tapping. Restrictions art* now y)lac(‘d on un- 
S 3 ^stematic ta])]jing, and the (V)Ionial Governments are (‘nd(‘avouring 
'lo increase the jjioduction of coy)al by planting trees and improving 
the yield of the resin. ^ 

Accra gum is a fossil form from the Gold (hast. 

Manila Copals. -Ihe manila copal used by varnish makers is 
‘"a generic terni, having replaced the old (Commercial term, hard 
copal of the Indies. The varieties are nuuK'rous ; some are com- 
paratively liard, (jther-s soft. Tht^ hard manila is a fossil gum, the 
very soft manilas are collect(*d from trees. The hardest variety 
comes from Borneo (Pontianac), and is suj)orio^ to that obtained 
from Macassar'. Java copal stands betwc^'ii Angola and ik^nguela 
in hardness and is supertor to the Borneo resins. The cftlour of 
Pontianaa and the other manilas is aromatic. The origin of the 
manila rosin is Daminara orlentalis, which is identical with Agathis 
dammara. It is cultivated in the Moluccas, New Zealand, especially 
in Java, as well as in the Philif5pines. The tree reaches a height 
of 45 metres and has a diameter of 2 metre^s. For obtaining the 
resin the tree is wounded by cutting long strips of bark from the 
stem, commencing 10-?0 cm. from the ground, and the exuded 
resin, colourless and milky when fresh, becomes yellow or brown- 
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yellow and transparent when solid. A tree will ht^ar for twenty- 
five years, and furnishes 250 kilos of resin. Around the tree the 
resin occurs as fossil in the ground, either in flakes or as compact 
blocks. The pieces collected are cleaned and graded into three 
varieties. The melting point increas(\s with the age of gum and 
may rise to 120'^ I^he soft<ir varieties of Manila copals are 
soluble in methylated spirit, whilst the harder varieties of East 
Asian copals are insoluble in tur^Kmtim^ f)r drying oils unless 
pnn'iously “ run.” They are still used by oil varnish makers, 
although they have not the popularity of the African copals and 
the New Zealand kauri. The Manila eojjals come to Europe 
through Amstei'dam and Rotterdam. Eor a brief discussion of 
Manila copal and kauri resins as T(‘gards sources, botanical names, 
pro]x^rties, and imdhods of production, reference may be made to 
an article on “ Gopals from the Dutch Indies,” by M. K. Heyne.® 
South American Copals.— These ar(‘ obtainerl from the living 
trees, Ihjmemm coubaril and fiplendifJa, of which the r(;sin is yellow to 
yellow-red in colour. All the varieties, fossil or cultivated, are very 
soft and in small deniaikl. M. Machenbaum ** gives the following 
com])aris()n betAveen Bivizilian and Colombian copals : 



Brazilian (’opal. 

Colombian Copal. 

Molting point 
(Solubility in- - 

127-160' C. 

120-155” C. 

l\^trol-otlier 

20 

IS 

Etlier .... 

58 

5() 

Alcohol 

70 

78 

Ben/.ol 


38 

Alcohol-ethor . 

02 

92 


Amber. — Amber is derived from Pinm mccinifera (Goppert), 
and is found in blue earth beds in East Prussia in the Baltic region, 
where it is embeddtMl in stript^d sand. Outside Europe amber is 
not found. Only one-tenth of the value of amber collected annualljj^ 
is used for variiish ; in fact, it is little used by varnish makers, since 
the varnish films although very hard, are brittle and highly coloured 
because of the high fusion temperature aiMl the difficulty of in- 
corporation with di ying oils. Its interest is mainly historical, and 
the derivation frgm a variety of Piniis points to ^he truth of the 
statement that any resifl of a tree w ill in time under suitable condi- 
tions pass from a soft, spirit-soluble form If) a hard, infusible, insoluble 
variety. The composition has been investigated by Tschirch, and 
the results have been referred to on p, 108. 

Before passing to the consideration of the spirit varnish resins 
in detail, it may be«,dvisable to summarise the properties of the 
oil varnish resins and to compare them with the spirit varnish 
resins in view of the overlapping of the classes. 

The copal resins are graded according to hardness, colour, 
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fusibyity, ash content, acidity, loss of weight on sweating, and 
solubility in drying oils to give a satisfactory varnish mixing. In 
practice the grading by the exporter is rather by size, hardness, 
and colour, \\^hile the varnish maker applies tests for the remaining 
properties. Much mon* reliance is placed on general experience 
in the selecjtion of copals than on the values of the constants, 
which are given in the following table. Perusal of the figures 
will show the great variation in many of th(^ values, so that they 
are of comparatively little use for identification juirposes. 



.Specific Gravity. 

Per cent 
Insoluble 
Matter in 
Alculiol. 

Arid 

Value. 

Kotts- 
t Offer 
Value 

Iodine 

Valu('. 

Copals : — 

Zanzibar 

1058 

83-8 

60-123 

7.5-92 

79 

„ fused 



61 

37 

127 

Mada^asoar . 

105G 

02-6 

48-78 

66-8.3 


Demorara 


67-2 

97 

98-110 

50-55 

Benffuela 

1 -058 

16-6 

123-134 

73-1.57 

61-85 

Angola (rod) . 

1006 . 

45-3 

128 

1.30-147 

63-137 

,, (whito) 

1-0.55(17'' C.) 

28-6 

127 

115-160 

130 

Accra 

1-053 (27“ C.) 

47-8 

85-98 

132 

122-14,3 

Cameroon 

1-0.52 (27'-' Q) 

27 

160 

157 

65-66 

Kissel 

1-OCO (27° 0.) 

19 

70 

118 


Sierra Leone . 

J •0()45 

62-3 

no 

115-130 

6.3-138 

Brazil 

1-0.53 

20 

123-149 

132-163 

123-134 

Congo (hard) 

1-Ofil 

25-3 

1.32 

124-1.32 

58-59 

Kauri (brown) 

1-0.53 

46 

70-93 

79 

177 

„ (bush) . 


12 

51-83 

83 


Manila (hard) 

1-065 (17° C.) 

3 

72-136 

87-215 

90 

„ (soft) . 

2 

145 

187 

106 

Amber 

1-080* 

74 

97-140 

115-154 

62 

Sondarach 

1-073 

soluble 

1.39-1.54 

154-157 

134 

Mastic (tears) . 

1-0.57 

47-2 

50-70 

70-79 

64 

Dammar (Batavia) 

' „ (Singapore) 

1 -032 

32 

19-35 

20-47 

64 

1-0.57 (18° C.) 

20 

30 

39 

123 

Pontianac 

1-037 (16° C.) 

soluble 

134 

186 

119-142 

Turpentine oleoresin 
Rosin 

0-8.56 


70-164 

1.57-210 

143-6 

1-07 


145-185 

168-176 

116-257 

Shellac (sticklac) . 

1-009 (16° C.) 

14-4 

34-7 

173-9 

16-0 


It is evident that all the resins in the table are heavier than 
water, with the exception of turpentine oleoresin, which yields 
turpentine on ^distillation. They have no definite melting point, 
which is to be expected, as in the heating fhcre is depolymerisation 
of the resin, accompanied fh many cases by decomposition, esjfecially 
in the neighbourhood of high point of fusion. The soft resins 
have higher acid values than the harder varieties. The spirit- 
soluble resins have higher geid values than the insoluble varieties,' 
with the exception of dammar and shellac. The Kottsdorfer gross 
saponification value is a measure of the estei content of the resin 
^d is usually higher but never less than the acid value. The 
j.)eroentage of esters in manila is marked. The iodine value indicates 
the prefence of unsaturated subsljances, and indicates the power 
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of tlie resin to be oxidised.* The very low value of shellac compared 
with rosin is of importance in the examination of the former for 
adulteration with the latter. The figures in the table are of more 
importance for sjnrit-soluble resins than for oil vaynish resins. 
The oil varnish resins have to be sw(*ated, and in doing so the 
chemical as well as the physical properties are profoundly modified. 

The loss in weight in running varies with the character of resin, 
a bold gum losing less than ‘‘ smalls ” in the ordinary running pot. 
It may amount to (more or less) 25 per cent, but this figure cannot 
be relied on, because it is entirely depfuident on the method employed 
for sweating or for depolymerisation of the resin. Some state 
that the desired conditions of incorf)()ration with linseed oil can 
be obtaiiKKl without loss in weight. The process is fully described 
in Cofiignier’s Lvs Veryiis, p. 419. The 2 )rinciple is to depolymerise 
under pressure in the ])resence of an inert hydrocarbon, such as 
naphthalene^ and to distil off the hydrocarbon, leaving the resin in 
an oil-soluble foi’in. The method has not been univcTsally adopted, 
for a number of reasons ; it involves considerable special plant, 
and the yjrocess is much 'longer to carry out than the usual gum- 
running to bo described under the Manufacture of Varnishes. 

Properties of Sweated Gums.— The changes in properties in the 
following table lefer to the sweating jof gums in the ordinary way : 


RcKiii. 


Sweated at 300“ C. 

A.V. 

S.V. 

Ter <-ent 
Uiwap. 
Matt(‘r, 

I.V. 

A.V. 

S.V. 

l’('r eent 
Unsap, 
Matter. 

I.V. 

Siprru Leone 

72 

119 

188 

106 

13 

115 


125 5 

Manila. 

127 

i75 

1(5 

138 

68 

1.30 

23 

133-3 

brazil .... 

JU9 

171 

7-6 

128 

46 25 

114 

38-7 

187 

Kauri .... 

37-4 

51 

20 

01 

17 

(51 

10 

67-7 

Aiilmi 1 . . . 

]8-7 

73 

6-3 

103 


58-7 


106 

„ 2. . . . 

30 

32-7 

76 

127 5 




• 

Amber. 

1(5-7 

121-7 

10 

50 





Amerifiin Itosin. 

J58 

182 

0-75 

122 

146 

153 

16 

134 

Sheilae (dark) . 

(51 

203 

3-6 

.36-5 





Dammar . 

35 

32 7 

76 

127 

ll’ 

(50 

86-6 

127 

Sandarach (Mo^ador) 

134 

143 

13-2 

112 

65 

136 

14-3 

126 

Mastio .... 

52-7 

83 

51 

175 

23 2 

,50-2 

40 

165 


It will be noted that there are variations i«i the values compared 
with those given in the earlier tables. These may be due to varia- 
tions in sampler t^iemselves and also in the method^ of determina- 
tion of acid valiK's, to wlflch reference will be made, Ooffignier uses 
the acid value determined by the acidity fff the alcohol-soluble part. 

F. H. Rhodes and H. E. Johnson state that when copal 
resins are heated between 300°-3fKf° C. there Ls a marked reduction 
in the acidity as determined by Worstall’s method, but no very 
appreciable change in the iodine vaiue. The loss in weight is largely 
increased above 350®»C. There is no connection between loss in. 
weight on heating and the change in I.V. The experience of the 
writer is that if alcohol-benzol be used as. a solvent in the deter- 

* Manila copal when exposed to fir rapidly absorbs oxygen, especially in 
sunlight, with the formation of peroxides. Carbon dioxide, formic acid, and 
hydrogen peroxide are also produced.” * 
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iiiina»tiori of tlio acidity, the differences between the acid values 
of tht^ run (oil -soluble) and unrun gum an* often less marked, so 
that the apparent reduction in the acid valiu* is no indication of 
the solubilit}^ of a sweated resin in linseed oil. 

Acidity before “ llnniiing.*’ Acidity iiftcr “ JUmnitig.” 

Congo copal . U3-04 (alcohol) 82-83 

95-99 (benzol -alcohol) 107 

The following table gives the results of the d(*termination of 
softening and fusion points of three copals, sweated and unsweated, 
as well as thiur acidities : 



Cmipro. 

Manila. 

Pontianac. 

- — - --- — 

- ^ - — - 

— 

- 

Softening point . 

212'^ C 

200" (!. 

194" C. 

Fusion „ 

354" C. 

289 ’ (\ 

284" C. 


all with decomposition 

Softening point of the 
Hwentod resin . 

239" C. 

257" C. 

230" C. 

Fusion point of sweated 
resin 

' 248" C. 

*2r>r i\ 

C. 

Temperature of sweating . 

350" 0. 

300" 0. 

310" C. 

Acidity “ unrun ” ( alcohol 

34 

103 

lot) 

,, “ run ” 1 method 

2(1 (1(1% loss) 

59 (23«; loss) 

70 

but insol. in linseed oil 


59 (no loss) 



It is evident that the acidity varies only slightly with loss in 
weight, and that the proper solubility in oil is determined by the 
dopolymerisation which occurs at certain temj)eratures which are 
peculiar to each resin. Kauri can be dissolved in hot linseed oil 
without previous sweating, and for that reason has been long 
preferred by many vainish makers. 

Jt is to be feared that the values of the resin constants are of 
Kttle use in attempts to fix the composition of a mixture of resins. 
They vary too much with the samples under examination, and no 
great confidence (!an be p1ac(*d in the results. Only in the case of 
< shellac adulterated with rosin are the iodine; values admitted to be 
a gauge of adulteration, because of the wide differences between 
the values of the two resins. 

Copal Oil. — The ofl collected in the condensing systems dealing 
with varnish r<;sin fumes has bi*.en investigated, but inadequately, 
by a number of chemists. Systems for Hip partial recovery of gum 
and oil fumes from vanish plants such as Tingary’s, Andre’s, 
Hackathqrn's, Ijchmann’s, Neil’s, and Koerting’s, are described in 
books on varnish technology, and through their use considerable 
quantities of coj)al oils have been obtained. The oil has been- 
used not only as a solverfb for 'copal resins, but as a component 
of certain types of varnishes and paints. H. A. Gardner^® 
gives a list of the patents on fume recovery. Copal oil has been 
investigated by Tschirch and Niederstadt,^^ who examined the 
, ,essentiaj oil (b.p. 156''-160° 0.) from kaJuri bush copal, and by 
L, Schmoelling,^® who examined' the copal oils from kauri and 
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Manila resins. He identified pineno in the distillate (b.p. 150^- 
1(50® C.) from kauri, but in the distillate (b.j). 60®-250® C.) from 
Manila he found neither limonene nor pinene. B. T. Brooks 
has investigated th(^ destructive distillation produces of Manila 
copal. Tli(^ ])rodu(5ts obtained by distillation at 1130® C., with 
12-14 ]7er cent loss in weight of the resin, included carbon dioxide 
3-2 per cent, water 2-4 ])er cent, U‘ry)en(\s 1-5- 1 1-2 per cent, and 
rosin oil 3-0 ])er cent. Among th(‘ ter]xmcs he identilied pinene, 
/t-pinem', caniphen(‘, di])(‘ntene, and linionerH*. Bidwoen 320®- 
3(50® larg(^ quantities of co])aI oil were distilled from the resin. 
Ho ])ointed out the influence of the copal oil ui assisting the solution 
* of the resin in linseed oil, G. Grasser has also investigated 
the j)roducts of the d(‘stru('tivo distillation of the co 2 )al resins. 
The miter has examined, but inadequately, the condensed fumes 
from the sweating of Manila and (nngo co])als undei* works con- 
ditions of running and condensation. The fumes W(n‘e found to 
contain 5-10 j)er c(‘nt of terjxuie, volatile in steam, which consisted 
of a Jiiixture of tcrp(‘nes similar to that^ obtained i)y Brooks. The 
terpen(‘s gave 50 per cent distillat(‘ at 170® (\ and S7 per cent up 
to 1S5® ('. Gn distillation of th(‘ fumes und(‘r reduced pressure 
(20 mm.) the lu^avier copal oils could be roughly fractionated; 
e.g, 20 ])er cent (s.g. 0*000) boiled ov(‘r bet\ve(‘n 125®-! 50® C. ; 
18 per cent (s.g. 0*020) beh\eeji 15f) '-l75” G. ; 20*1 ])er (Mmt (s.g. 
0*047) between 175'’-20S® (i, leaving 37*0 ]xt cent scmii-solid residue. 
The h(‘avier copal oil distillate contains a mixture of sc'squiterpenes 
(cf. caryophylleiK*, GigH 24 , from co])aiba Ixdsam), ot* polyterpenes 
(cf. eolophene, C-goH^y, froj)i th(‘ polymerisation of turpentine) with 
yolatil(‘ acids. The non-volatile residue (A.V. 50-71) resembles in 
its properties a soft rc^sin in that it will dry hard on exposure to 
air, will ham metallic dryei's, and generally act as a r(‘sin component 
in a linseed oil varnish. The acid value of the fumes obtained 
from Congo copal was 50, so that the acidity of the fumes is confined 
essentially to the less volatile components. In connection with the 
solvent pro])eiiies of tlu^ fumes already ref(‘rred to, it is of interest 
to note their strong solvent action on rubber. It must bo admitted 
that the jnjblished literature on this important subj(^et is very* 
scanty, and the copal oils, together with the volatile acids, are worthy 
of fuller investigation. 
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CHAPTER VIII 


SPIRIT VARNISH RESINS 

The second class of resins incjludes dammar, mastic, sandaraeh, 
acaroid, lac (shellac), rosin (colophonium), and the softer varieties 
of oil varnish resins which liave been described in the last 
chapter. 

Dammar.— 'Jliis resin is a t^^iical exudation from Dammar 
orkntalis, indigenous to the Dutch East indies and British Malaya. 
Under this name a large number of varieties (more or less soft) 
are includ(5d. Dammar comes into the market generally in the 
form of nodules, clear and pale in colo\ir. It is decidedly softer 
than the majority of copals, but it is harder than rosin. The resin 
dries with a tack, and as a spirit varnish gives a friable coat, which 
can be easily rubbed up into a powder. The most important 
trade varieties are : Batavian dammar, Singapore dammar, 
pontianac dammar (from Borneo), which is whiter than the Singapore 
variety, pale Borneo, Sumatra, and Padang (Sumatra) dammar. 
Dammar Australis is the kauri tret? of New Zealand, and gives the 
cultivated soft kauri already described. Black dammar is obtained 
trom incisions in Canarium strictum of India (also called Kala 
dammar). 

Dammar is soluble in turpentine in the proportions of 3-5 : 7*5, 
and the solution dries in five to nine hours. It imparts lustre to 
'films and is harder and better than rosin, but not so durable as 
an oil varnish resin (see later under Crystal Varnishes). Its very 
pale colour compared ^ with other varnish resins makes it a com- 
ponent of varnishes where colour has to be considered. 

Mastic. — This resin is the most important European form 
known with tlfe exception of rosin and amber. ‘ It occurs in the 
Mediterranean littoral, being obtained from Pistachia lentiscus. 
Much conjes from Greece and its islands, especially Chios, either 
as cake, large or small mastic. The Pistachia has a marked wound 
response, so that under good conditions a tree may yield 10-18 lb. " 
per annum. The smell of \he rlisin is feebly balsamic, and it has 
a slightly bitter taste. Varnishes containing it are only slightly 
coloured, and are satisfactorily elastic. It is used in turpentine 
^okition in picture varnishes, and with boiled linseed oil forms 
tnegilp, the well-known artists’ medium! Its melting point is 
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103°-108'' 0. The present practice of protecting pictures by an 
easily removable mastic varnish is justified. 

Sandarach. — Sandarach is a North African resin, being the 
exudation of OalUtris quadrimlvis, which tree grows also in N. 
America. Callitris calcarata and glauca in Australia also yield 
sandarach. It is comparatively hard, and is used to impart that 
property to other resins. It is said by some to be as hard as kauri 
and sup(jrior to mastic, wliich it scratches. It is an ingredient of 
negative varnishes, labt'l varnishes, and bookbinders’ varnishes. It 
is soluble in methylated spirit and in ether, but only slightly soluble 
in turpentine, benzok*, and petrol. 

Acaroid Resin ((ram Accronhs)-' XaniJtorrho'a or gi’ass tree 
(Afiphodeicce) is confined to Australia and Tasmania. It is a plant 
with a short woody sbun terminated by a tuft of long l(‘aves (about 
three fc('t) with cutting edges. The three most iin])ortant species 
are X. hadilis (y<‘llow acaroid gum), X. arhorea, and X. Australis 
(grass tree gum, red gum acaroid). From the trunk of the tree 
on incision flows a. resinous substance giving a laytu* 2-4 (un. thick 
of resin in the case of X. hastilis. Sometimes fragments detach 
themselves and collect at the foot of the, tree, where they are found 
buried and semi -fossilised. X. hastilis (Botany Bay gum) yields 
a yellow resin of the composition : Tiiatter soluble in alcohol 82-7 
per cfuit, insoluble in alcohol 13 to per cent ; moisture 3 per cent ; 
ash 1 to 3 per cemt (mattcT insoluble in ether 23 y)er cent). The 
molting point of the resin is 97° 0. The red resin (red yacca gum) 
obtain(‘d from X. arhorea and X. Australis has the composition : 
matter insoluble in alcohol 4 per cent ; matter insoluble in ether 
lb per cent ; moisture 3-5 per c('nt ; ash 0*24 per cent. Its melting 
point is 110° C. A sample of the red resin, purified by extraction 
with alcohol, yielded 2 per cent free and (combined para-cumaric 
acid, 0-1 per cent cinnamic acid, 0-1 per cent st^Tacine, traces of 
aldehydes, and a residue of phenolic com]X)unds. Distillation of 
the resin yielded 17 per cent of an oily distillate of a phenolic naturd. 
Oxidation by nitric acid yields about 30 per cent picric acid from 
the yellow variety and 25 j)er cent from the red variety.^ Red 
gum acaroid approximates to dragon’s blood in colour, with a shade ' 
approaching brown, poss(*ssing an orange streak. In lustre it is 
superior to the above-mentioned resin. Both varieties are soluble 
in alcohol and alkalies, but inaoluf>le in petroleum ether, and in 
this respect resemble shellac. Xanthorrhoea resins belong to the 
same class as Pei if balsam, storax, and benzoin. D&ring the Great 
War it was sugg(‘sted that they might fee a source of picric acid. 
Xanthorrhcca rf?sin is also obtained from Kangaroo Inland and 
W. Australia. By steam distillation of a strongly alkaline solu- 
tion, paeonal (2-,hydroxy-,4-,methylacetophenone), hydrox 3 rp 8 eonaI, 
il-citonellal, and probably methoxycMphen^lether have been obtained.^ 
Recent patents have, been taken out by H. C. Miller and H. A. 
Irelam in connection with acaroid resin. ^ Details as to its use in 
spirit varnishes will be given in another chaj)ter. 
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Lao* 

i The most important of the spirit-soluble resins is Lac, which 
possesses a degree of elasticity, hardness, and power of adhesion 
to smooth wood and metal surfaces, distinguishing it from other 
resins. Jjac comes into the market in various forms, such as grain 
lac, flake shellac, button lac, garnet lac, bleached shellac. The 
original resin is the secretion of the lac insect {Tachardia laccq), 
which is found on a number of speci(‘s of Indian trees, e.g. acacia, 
ficus, mimosa, etc. ; th(‘ most important of which are the Kusurn 
(ScMekhera tn'juga), which fields the best shellac ; the Ber (Zizyphns 
Jujuba), which is becoming more popular, as it is easy to cultivate ; 
the Ghort (Zizyphns xyhgyynift) \ and the Palas or Dhak (Butea 
frondosa), which is a common tn^e and often prefcuTcd. Th(‘se 
trees contain much gummy or resinous matter or are rich in latex. 
The lac insect belongs to the group of ('occidac or scale insects, 
the scale being an exudation of amber resinous material or lac, 
which envelo])s and e('ments them tog(‘ther to form a coating 
around the twig of the trt'c upon the juices of which they feed. 
The female lives for about ?ix months, producing eggs in the cavities 
in the lac, from which emerge eventually a swarm of very slow- 
moving crimson or viol(*t specks which travel along until they find 
a suitable branch to which thby can attac^h thernselvc^s and carry 
on their functions. 'There are two broods or swarms in each year 
and two crops of lac, winter and sujumer crops. The female 
insects remain embedded in the lac for the whole period of their 
lives, but the male insect, which is smalku* and produces much less 
lac than the female, crawls out during the pairing season and visits 
the female. The males of the sumiiier brood are stated to bo 
wingless, but those of the winter brood an^ provided with wings. 
The crop of lac; vari(*s considerably from year to year, owing to 
.the effect of climatic; conditions on the insects. The most favourable 
situations where the lac is most abundantly grown, Le. Chota 
Nagpur, Orissa, and th(; North-East of tlu; Central Provinces, are 
generally 1000 ft. above sea-level and possess a fairly tempt^rate 
climate with an annual rainfall of 50-00 in., occasional showers 
falling at times other than the regular rainy season. A considerable 
amount of research has been carried out on the histofy of the 
parasites which attack the lac insect, but the Report of H. A, 
Lindsay and (X M. Harlow ^ emphasises the paucity of knowledge 
on the biological side of the lac insect i its food -plant, and the 
need for much more extended observation. The f ood. trees, j 
distribution, and cultivation are all discussed, as well as suggestions ' 
for improved methods of cultivation and storage, etc. For a 
complete description of the native method of preparing shellac,, 
reference may be made to 'the report, which is well illustrated by 
drawings ; e.g. the coolie woman grinding and sifting the lac, the 
Ghasandar washing lac in bowls, the Karigar melting the lac over 
the “fire, and the Milwaya stretching the lac with hands and feet 
Sanskrit Laksha (Hindi Lakh), a hundred thousand. 



SPIRIT VARNISH RESINS 


129 


into large sheets, which are broken up into scales of flake lae^. A 
few firms manufacture shellac by machinery, ^he lac Ixjing dissolved 
out with alcohol and the latter evaporated off, the lac being then 
run out in the raolt(;n state and converted into the Ifutton form. 
This shellac differs from that made by the native method,- beii^g 
darktT and probably more affected by heat; moreover, it is less 
soluble. At present it is doubtful whether mechanically- made 
shella(j is as siiitabh^ for all purposes as that made by native methods. 

The history of the lac'. industry is ancient. Previous to its 
employment in varnishes and polishes, lac was used for dyeing, 
, the red colouring matter being (extracted and used for that purpose 
and also in the ]U'(‘])aration of crimson lak(‘. The residue was 
thrown avay. Siibseqiumtly the residue was worked up into 
shellac and became the most imjjortant produ(‘t when the intro- 
duction of eniline colours stopped the export of the lac dye in 1888“9. 

In 1SS8 0 (lie value of the exi)ort of slw-llae was .‘1,200,000 riipeos. 

„ IHOSI .. 7,000,000 

„ 1008 U „ . „ „ 2.’), 000, 000 


The imports of shellac, of uliich 95 ]X‘r*o(‘nt is produced in India, 
into diffment e-ountries is givem in the following table : 



1012 

1010 


((-'.ascH). 

((’ilSCii). 

U.S.A 

111,000 

130,000 (eacli containini? 



2 maund.s - 11 cwt.) 

Uniterl Kinjfdoiti 

50,000 

50,000 

(iorraany, Holland, and .Vustria | 

(55,000 

450 

Franco 

1(5,500 

.5,1.50 

Jai»an (throuj^li U.S.A.) 

(500 


The price of shellac varies in the inverse ratio with the stocks 
in London. At the outbreak of the Great War the stocks were 
very high, but in December 1916 the stock was reduced to nearly 
half and the pri(!e was more than doubled. The Government put 
on a control and obtained a fixed delivery price, which caused prices 
in London to rise sevenfold above the pre-war i»te, to 450s. per cwt. 
Prices dropped to 205s. per cwt. in April 1919, only to rise -to 880s. 
ill January 1920 • s^ce then the prices have dropped* 

, The principal <lefects *from which the lac industry suffers at 
present are s])('culation and adulteration, ^loth have tht^ir origin in 
peculiar conditions of the industry ; the ignorance andrimprovi- 
aence of the cultivator ; the long distances the stick lac has to be 
brought to the markets ; the large i^mb^r of agents through whose 
hands it passes ; and the difficulty of estimating forthcoming 
supplies. The commonest forms of adulteration are sand and ashes 
m grain lac (seed lac) and losiii ; this can be controlled analytically 
W use of Parry’s method^ (London) and Langmuir’s method (New 
York). Formerly there was con|iderable local prejudice against 
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the manufacture of shellac. There ivS still current a proverb, “ Sau 
kasahi ek lahi ” : “ one lac manufacturer is as bad as 100 butchers,” 
referring to the destruction of insect life caused by the collection 
and manufacture of lac. 

Improved methods of cultivation on intensive lines in Govern- 
ment forests by Provincial Forest Departments are recommended, 
with a careful selection of the host trees. The greatest importance 
is attached to the organisation of brood and demonstration farms 
so as to assure constant supplies of brood lac of good quality. 
Moreover, cultivators must learn scientific methods of cultivation 
and collection, with the organisation of co-operative credit societies, 
for the maintenance and distribution of supplies of brood lac, 
and the formation of Research Associations to be supported by 
the Lac Trades Association. The Special Committee of the Imperial 
Institute to consider the trade in lac suggest : 

(1) That the method of leasing concessions to collect lac should 
be improved and systematised after an inquiry in India ; longer 
periods of leases and a sliding scale of royalties are proposed. 

(2) That greater attention be paid to improved methods of 
cultivation and collection of lac, and an advisory and supervisory 
agency should be constituted. 

(3) That one or two large-scale Government factories be started, 
to put the manufacture on a thoroughly efficient basis and safe- 
guard the interests of India and the Empire ; lac-wan^ manufactures 
to be encouraged in India. 

(4) That definite marks and grades be established, in consulta- 
tion with the Imperial Institute, to ensure the maintenance of 
standards of purity and quality. 

(5) That the system of trading be simplified, and more direct 
relation established between the Indian producer and the British user.^ 

Industrial Uses of Lac Resin.— Lac resin is one of the most 
'dmportant resins of commerce, and owes this position partly to 
properties (such as high resistance to the action of air and moisture, 
adhesiveness, and high electrical resistance) which it shares with 
all resins, but chiefly to the fact that its ready solubility in alcohol 
renders it easy of application. There is ho satisfactory substitute 
for lac resin among natural resins, and the synthetic production 
of shellac is a competitor only in certain special requirements. 
The principal uses of lac resin are : 

(1) As an, electrical insulating agent, chie^y for special insu- 
lators having paper or mica (micanite) as' a basis, and for insulating 
varnishes. 

(2) As a stiffening material for felt, straw, etc., for hats, and for 
cr^pe. 

(3) As a preservative (poati^ig for wood and metal in the form 
of varnishes (spiiit- and water-soluble) and lacquers. For these 
purposes it is employed in a great variety of iadustries, and especially 
during the war in the protection of shell parts. 

(4) As an adhesive material in special cements, sealing-wax, 
gramoffhone records, etc. 
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Jjaci resin must be regarded as an important war material, and 
from this point of view it is essential that its production should 
bo safeguarded, and that there should always be an ample stock 
in the United Kingdom. » 

Manufacture of Shellac. — The full details of the manufacture 
can be obtained from the Report, of which a very brief summary 
will be given here. 

The object of the manufacture is to refine the crude lac and 
remove the dye, fibre, animal remains, and other impurities. The 
first step is to clean the stick lac and remove the woody matter. 
The best method of collection is to break off, by a twisting movement 
only, the jesinous incrustation after the insects have swarmed. 
It is then ground and wdniiowed to completci the separation of 
the lac and refuse. The seed-lac is specially washed with water 
and dilute sodium carbonate to remove the dye, finally with water, 
and dried on a cement floor (grain lac seed). The dye extracted 
in th(5 washing was originally the staple product of the industry, 
and it is prized for its bright scarlet shade. It was used to dye 
the British infantryman’s tunic (like the madder for the French 
poilu’s trousers). The word lake in crimson lake is derived from 
lac, and the woi*d crimson from the Arabic (kirmez = insects), from 
which Kiri (Urdu) is directly deriv^'d. Kiri is the animal refuse 
from the bags from which the lac is expressed. To the grain lac 
is added a little orpiment ( 3 ^ellow arsenic sulphide), to give the 
trade colour requirements, which is followed by an addition of 
rosin (3 per cent). The grain lac is now transferred to a roll of 
cotton, and the roll containing the grain lac is gradually warmed 
by briuging it near a fire ; the ends of the roll arc squeezed so as 
to drive the molten shellac through the cotton, leaving the kiri 
(animal renisn in the roll). The molten shellac is allowed to solidify 
on plates or water-cooled rolls, from which it is removed in flakes, 
of an orange -brown colour, constituting the flake lac of commerce^ 
It would appear as if the manual process has hit off b}^ sheer accident 
the proportions of rosin and wax which produce the best quality 
of shellac known. The machinery processes are at present expen- 
sive, and if the supply 'of stick lac is short the machines cannot 
work regularly and capital charges arc high. The yield of shellac 
per Bengal maund (82 lb.) of the Kusmi ari*(lac collected before 
the insect swarms ajid containing insect and dye) is 32-33 seers 
(1 maund = 40 s'^^ers). Kusmi grain-lac gives 36 seers shellac per 
maund. • 

Grades of Shellac. — Shellac is a complex mixture of resin acids, 
resin esters, and a wax/ The resin acids are probably denived from 
hydroxyfatty acids.® Shellac is a derivative of aleuritic acid, 

gH3CH2CH2CHOH(CH2)7CHOH- 
C. Harries and W. Nagel ® state that aleuritic acid is 
trihydroxypalmitic acid and comprises 30 per cent of ether-insoluble 
part of shellac. Stick lao contains 66 per cent resin, 6 per cent 
wax, 6 per cent gluten, and 11 per cent colouring matter. 

'The best lac is produced from the Kusum tree^ 
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The bulk of the shellac manufactured is 




(probably 


the 


mark of Talpram Naturam (a manufacturer of Belarpur) or Triloki 
Nath, Bt'Ugali. It contains no rosin, and is of the flake lao variety. 
Calcutta brokers blend 12 i)er e(mt rosin-sh(‘llac with T.N. to make 
a 3 per cent mixtui’e, which is standard in Jxmdon. Machine- 


made shellac is not accepted as brand. 

The add('d rosin is stated to be always C^anadian rosin and not 
Indian, w'hich lias not as yet jjroved satisfactory. Rosinous shellac 
is always sold as shellac, and, in view of the trade requirement, 
the rosin can hardly be looked uj)on as an adulterant, although 
its amount must be controlled. 

Shella<; w^hen ai)])lied to a warm mc'tal surface gives a hard, 
lustrous fllm which is a ^'aluabl(‘ protective indoors coating. In a 
damp atmosphere it disink'grates and the Him becomes rough and 
powdery, and clocks not rc'gaiii its oj’iginal (‘ondition on the expulsion 
of th(" moisture. As a hard priming (X)at on wood it is very satis- 
factory, esyjecially if the ^<()odwork contains knots, but it is stated 
that it is inadvisable to prime knots with shellac prc'vioiis to the 
application of paint. ^ Its elc'^trical insulating ])ropcrties arc very 
good. By far the laT’gest demand for shellac is in the manufacture 
of gramophone records. 

^ Shellac is soluble in acjiieous solutions of alkalies, alkaline car- 
bonate's, and borax ; this property is utilised in the pre]:>aration of 
shellac water-varnishes and in the' production of a bleached shellac 
soluble or partially soluble in alcohol.* 

Bleached Shellac. — Weak alkaline solutions partially remove the 
colouring matter from crude shellac. To bleach slu'llac it may be 
dissolved in alkalies and chlorine passed in. Ten j>arts shellac are 
•^Ussolved in two hundred parts of whaler containing one and a half 
parts sodiimi carbonate, and chlorine gas, diluted wuth ten times 
its volume of air, steam, or any other in{lifferent gas, is passed in for 
twenty-four hours. The ])re(!ipitatc5d lac is collected, melted under 
water, and when soft is pulled out so as to give it a fibrous, satin-like 
appearance. Shellac may be also bleached by dissolving it in a solu- 
tion of sodium carboqate and adding gradually a solution of sodium 
hypochlorite. The loss in weight of th(^ lac in the process is about 
four per cent., The bleached lac is y)erfeetly white, but it is more 
friable than shellac. It should be keptmindet water to prevent 
it losing its solubility iR spirit, and even under these conditions 
it gradually deteriorates. The spirit-soluble form is the component 
of the so-called transparent la(?quers. ^Bleached shellac is seldom 
(jompletely soluble in methylated spirit .‘r 

A lac w^ater- varnish is a water solution of shellac or bleached 
shellac in borax ; it makes a good waterproqf paper varnish. (See 
further under Shellac Varnishes.) 

Button Lac. — This variety is sold at a lower price than shellac 
of the same grade, as it does not go through the process of stretching • 
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and hcnco the cost of manufacture is less. It is obtained in the 
form of large, flat or slightly hollowed buttons by stirring the (;rude 
lac with hot water for several hours to remove the colouring matter, 
meeting, and easting into buttons. It is not so poisular, because 
it has g(‘nerally to be ground before use. It nuiy contain ropn 
up to 20 i)cr cent, and such admixture is made to facilitate melting 
during manufactim^ (Lindsay and Harlow, loc. cit.). The best 
varieties are pale in colour and free from rosin. 

Garnet Lac— Garnet lac is a sp(‘cial pn'paration of shellac 
characterised by b(‘ing fret*- from contained wax. The waxy con- 
stituent of sheilac being insoluble in alcohol, a clear solution is 
not obtainable; from any variety but garnet lac*. It usually contains 
10-20 ]KT e(*nt of rosin and has also to be gioiind before use. 

.Shellac, freed from the* wax (m.p. r)8”-r)9° C.), is obtained by 
either fractionally prc;ci]ntating the wax from a strong alcoholic 
solution by water, the* wax se])aratiTig out first and the; shellac 
reinaiuiiig in solution being i’ccove*re(l by distillation of the alcohol, 
or by treatment with ari aque'ous solution of alkali carbonate, 
wherein the she*llae dissolves, leaving the wax insoluble as a scum. 
In the latter method the shellac is ircovere'd by acidifying the 
alkaline solution. 

As is we*ll IvJiown, shellac* on >itorage; gradually becomes less 
soluble in alcoliol, and it is said that by soaking in water for some 
days its solubility is improv’‘ed. Se*eel lac becomes less soluble 
more rapidly than she;llac, and she'llac more raj[)idly than button 
lac. T.N. shellac; loses 5 pt*r cent solubility pc;r annum during the 
first three years. 

J). Hooper gives analyses of the four most important varieties 
of crude lac, of which Kusuni may be; quoted: watc*r 1*8, resins 
85*6, colouring mattc*r 2*5, residue 9*1, ash 1*0; total 100. Shellac 
from Kusum lac has an acid number 01*1, saponification value 
201, iodine value 9*0, insoluble* in alcohol 0*7 per cent. Rudling^^ 
examined three saniple‘s of shellac and gives the following figures : 



Wat»‘r. 

Insohibk- j 
in .\l<’olio) 

Arid 

Value. 

SnponiQcation 

Value. 

lortino 

Value. 

Stick lac . . . 1 

3*79 

14*4 

,39 *2 • 

213 

16*0 

Seed lac . . . 

2 -(ill 

11*7 

r>:i 

218 

7*5 

Button lac 

• 

2-0 

• 


r»9 

204 

• 

22*2 


The varieties melt between 77” C. and 82” C., the button and 
garnet lacs having lower melting points than stick lac. Further 
references to the literature are given at the end of the chapter 


Rosinj* Colophony. Colophonium 

Under the oleoresins it has been shown that on distillation the 
residue after the expulsion of the turpentiAe spirit is rosin, which 
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in turn on further distillation under different conditions yields 
a volatile rosin oil and a residue of rosin pitch. The properties 
of the spirits of turpentine will be discussed later, whilst those of 
rosin fall un(?*er the heading of spirit-soluble resins. 

The “ geninie ” of Bordeaux oleoresin, which has a disagreeable 
odour and an acid and bitt(T taste, is in its raw state a thi(!k trans- 
parent liquid which subsequently becomes cloudy and viscous. 
Its average composition is : Oil of turpentine, 15-20 per cent ; 
dry products, 70-80 per cent ; water, 10 per cent ; sand and im- 
purities, 2 per cent. 

French Method. — The first stage in the terebenth inage (recovery 
of turpentine) is the purification of the gemme by the separation 
of the sand, wood rubbish, and water. On arrival at the factory 
the gemme is next distilled by a special process whi(di will be 


n/ittroR DfsnuATtoN of raw 
ouo-Resm tK/r/f s/rfaLTA/f£ous 



Fia. 24. — UiHtillation of oleonsin an<l nitration of colophony. 


refen-ed to under the Manufacture of Turpentine. The plant for the 
distillation of raw oleoresin (Fig. 24, 1 ) consists of a steam generator 
G, a still A, and a condensation apparatus C. The generator does 
not possess any special characteristic, but the still is made entirely 
of steel and capable ,of sujJjwrting a pressure of ten atmospheres. 
Its cover is provided with a tube P, for the introduction of the 
gemme coming^ from the reservoir 0, and a still head which conducts 
the turpentine vapours into the condenser C. ‘ The lower part of 
the still is provided with a pipe V, by which the rosin escapes. 
The actua^l boiler is prismatic in shape and traversed by tubes 
which are arranged like a grating and connected with the steam 
jacket which surrounds the whole. The water condensed in the^ 
jacket is conducted back to tlie generator by the tube^ K. The 
gemme, thus exposed to the .heat from the- tubes, which present 
a very large heating surface, is very readily separated and distilled. 
During the distillation an injection of water is made by means 
of a cap placed in the dome. The solid body left in the retort, 
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more or less coloured and having an acid reaction, is colophony. 
It still contains a little water and yearly always solid impurities. 
In order to remove them the temperature is raised until the last 
traces of water are expelled, and the molten rosin is p^sed through 
sieves or filters to get rid of the solid impurities. In the filtration 
of the rosin, steam under pressure is made to act on it in a resistance 
boiler, heated exteimally by a steam jacket, whilst the bottom 
of the boiler is pierced with holes covered by material to retain 
the im})uiities, or alternatively the melted resin passes from B 
(Fig. 24, 2) into a hollow revolving cylinder S, the walls of which 
are^mado of suitable filtering material (metallic cloth), whereby the 
solid impurities do not interfere with the filtration due to the 
rotatory movement. The colophony is received in a receptacle 
and comes out at C, perfectly clear and free from all impurities. 
It is collected directly in moulds, and the loaves obtained can be 
packed and delivered direct for immediate use. 

American Method. — In the American method, stills holding 
SOO galls. (20-25 casks) of oleoresin are fire-heated to fuse the oleo- 
resin and a thin stream of lukewarm water is added to the charge 
during the heating. The water and the oil are collecte(i, and the 
molten I'csin left in the still is graded.^* 

Properties of Rosin.— The best pade of French resin (window 
glass or verre-d-vitre) is purified rosin, bleached in the sunlight by 
exposure of the loaves for two weeks or by ultra-violet rays from 
mercury lamps. If the I'osin has been properly prepared it is clear 
and of a pale amber (;olour. Common rosin is of a darker colour. 
Black rosin is opaque and very dark, and is found at the bottom 
of the fusion pots in the distillation of the oleoresin. 

The American grades are : 

W.W., wator-whito ; W.(x., window glass from “ virgin dip ” ; N., extrt 
pole j M,, pale ; K., low pale ; J., good ; H., No. 1 ; F., Good No. 2 ; E., No. 2 
D., good strain ; C., strain ; B., common strain ; A., black. ^ 

The specific gravity of colophony lies between 1 -070 and 1 *080 
It melts at 120°- 135° C. with an acid value of 168-171*5, and t 
Kottstorfer value of 168-174. It is soluble in most solvents excep 
water, but it is volatile without decomposition in steam unde: 
reduced pressure. 

Rosin does not alone form soaps of practical utility, but it ii 
a valuable ingredient of a soap fat stock, endowing the finishec 
product with a polish ^nd lustre together with tlfat odour whicl 
is favoured in household soaps. Lump rc^in is superior to powdere( 
rosin in soap- making power. Rosin soap is not readily precipitatec 
from its aqueous solution by brine, as in the case of true or fatty aci( 
soaps, and consequently is made separately. An excessive quantit; 
of rosin in toilet soaps causes iriltati(fti of the skin, probably du 
to the hydrolytic dissociation of the alkaline salts of the weal 
abietic acids, v In addition to its importance as a varnish, resin 
lac substitutes can be produced by dissolving casein in an alcohoii 
solution of rosin to give bright and trailsparent coatings^ It i 
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an i^lportant component of scaling wax to the extent of 50 per 
cent, and it is in great demand as a })aper size;. Rosin size * may 
bo added to paper pul}). The sizing of paper by rosin is said by 
Thindon t 9 . be due to free rosin protected by a him of aluminium 
hydroxide or rcsinate. By dissolving the sodium resinate and 
alum in a suitable' star(;h solution, the' quantity of rosin can be 
reduced by about 50 jx'r cent (Traquair Tlie size sus]xmsion 
in water can be coagulated by electrolytes, e.g. aluminium sulphate, 
000261 mol. per litre; calcimu and magnesium salts require 0*025 
mol. per litre concentration for the prcci])itati(>n of the rosin. 

In s])ite of much investigation of rosin therc^ is yet considerable 
uncertainty as to its correct eom}x>sition. Tliis is not surjuising ' 
in view of the difft'n'uces of source of the ob'oresin and conditions 
of manufacture. Tlu'rc is (ionfusion as to the nanies of the acids 
composing the rosin. Tlie best-known comjjonent is an abietic 
acid to which the formula C 20 H 30 D 2 now generally given. 
Fahrion WTites the ( onstitutional formula : 


CCH^ CCOOH 

■ /\ 

HV CH- CH CH 


I I I I 

H.,C CH- CH CH., 

\ / \ / “ 


(abietic acid I 


Hll CgH^ HC-CgH,. 


A formula was })ropos{‘d in 1880 by Bischoff and Nastvogel. 
Easterfield and Bagley put forward C!i 9 H.,gC )2 as tlie formula 
of abietic acid, and considered abietic acid as a derivative of 
decahydroretene : 
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CaTly (hsopropyl) 
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^CBo— CH. 


CH,_CH, 

“\ (nis 

OH 

(^U --C ^ 


C3H, 


* All writing papers and laost printing papers require to have some 
material added that will enable them to resi.st ink. Engine sizing consists in 
precipitating in the paper pulp resinate of aluminium produced by double 
decopiposition of sodium resinate and alum or aluminium sulphate. ITie 
atnouht of alum added to the pulp is largely in excess of that necessary to 
precipitate the resinate. ' < 
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By distillation iind(*r ordinary pi-essuro abiotic acid is decom- 
posed into abiotone and carbon dioxided^^ On distillation with 
small quantities of sulphur, 

VH 

/\ 

HCI (JCMj 

|l ! 

lie I 0 

(-' l|(Ul 

li (rotone) 

(', iCH 

/\/ 

\\V |(J 

Hcl' \(1\ 

(’ ‘ (’ 3 H 7 

r('tem^ is pro(bie(‘d (rosin spirit is rich in m-ejunene Therefore 
abiotic acid is decahydi odirnethylisopr(‘pyl-phenanthrene carboxylic 
acid. Pi marie acid has been stated to be the monomethyl derivative 
of al)ietic acid (Pasterfield and Baiflev), but Kohler gives to pimaric 

/ 2(C(' \ ' 

acid - - 2(S()" -5 ) the formula ( ' 2 (]J^yo^^ 2 ' Kiniuic acid (limu resin) 
and ]:)odocar])ic acids (j)odocarpus i(‘sin) are considered to be octo- 
hydro-oxymethyl and octohydro-oxydimethyl -idienanthrene car- 
boxyl acids rt‘sp('ctively. P. T.A‘vy' states that abiotic acid contains 
a hexahydrogen benzt iK^ nucleus, an isoprojiyl grou]), and has its car- 
boxyl acid grou[> attach(‘d to a Uatiaiy carbon atom. A. Griin 
states tluit abiotic do(‘s not (‘ontain two double bonds, for on treat- 
ment with concenti'ated suljhurie acid it gives an internal ester of 
an liydroxvaeid, (\ 9 hl; 5 o(Oi})(K) *0- ( ’igHgoCOOH. He considers 
abiotic acid is built uj) like jiimuie and contains a bridge linkage 
and one double bond, on the assumption that molecules of a- and 
/:l-pin(jne (CjoHj,.) unite with subsc^qucnt oxidation of a methyl 
grouping to a ('OOH grouping. By different modes of combination 
of two luolecuk^s of jiimuie, a seri(‘s of abiotic and pimaric acids 
and other acids can bt^ formed in an analogous manner from 
camphene or ftMichene. 

Tschirch considers that cc)nif(‘r resins fall into two groups ; 
thos(‘ containing abiotic acid and those containing pimaric acid. 
The oleorosin from Pinvs pahiftiris (American oleoresin) contains 
abiotic acid (acid •valuoi 188-192, and saponificatffm , value 237- 
257-6), wlau'^^as tlie oleoresin from Pinas n^ritima (French) contains 
d- and hjiimaric acids (acid value 171 -5, saponiticatjon value 
172-174). Canada balsam contains resins belonging to both groups. 
Abi(!tic and pimaric acids are isomers possessing the formula 
differing in melting pofhts And crystalline form, and 
abietic acid shows an^apparent ester number, although esters are 
absent. Tschirch considers this as indicative of enol formation. 

Dupont has showm that the rotation of d- pimaric acid is 
unchanged by the actioft of very dilute hydrochloric acid, but 
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?-piniUric acid gives a decreasing rotatory power according to the 
length of time of contact with dilute hydrochloric acid. He con- 
siders that abietic acid in rosin is a mixture of isomorphous acids 
which he deeignates as pimarabictic acid, produced by the action 
of heat on th(^ pimaric acids of the crude resin. 

Aschan ^ has isolated from Swedish pine oil pinabietic acid, 
^ 2 oIIiM) 02 j isomeric with abietic acid. It is abiiost insoluble in 
light 2 )otroleumj and possesses the remarkable property of being 
dextrorotatory in aromatic solvents and IsDvorotatory in aliphatic 
solvents. 

Stock has investigated the distillation of rosin in high vacuum 
and found that th (5 small difference between the temperature of 
boiling liquid rosin and that of its va])our indicated that rosin does 
not contain polynuirised bodies of abnormally high molecular weight. 
He obtained crystalline acids from amorphous rosin by heating in 
vacuOy the time requii'ed to effect complete change dcjHmding on 
the temperature. He concluded that American rosin contains 31 
per cent a - abietic acid, 31 per cent /I-abieti(; acid, 19 per cent 
y-abietic acid, 10 per cent rescues, 0-5 piu- cent essential oils, and 
0*5 pt>r cent impurities. 

Recently 0 . Aschan has separated from American and Finnish 
colophony a nt‘w series of rosin acids, colophenic acids : C,fiH 2204 , 
C 17 H 24 O 4 , Ci 8 H;j 404 , C 20 H 30 O 4 , with melting points 96°-l()5‘' C., 
C., 8()°-9()‘^ C., and 80‘^-90°-100° 0 , respectively. They 
are amorphous monobasic acids, not decolorised by charcoal, 
and the yellow and brown colour of rosin, as well as the bitter taste, 
are said to be due to their presence. They are not insoluble in water, 
but are insoluble in ijetroleum ether. The alkali salts are soluble 
in cold water, distinguishing them from the salts of other resin 
acids. Aschan considers that the formula CipHoBOg put forward 
by some investigators was due to the presence of these substances. 
JThey are unsaturatod acids, and are probably oxidation products 
of abietic acid. By the action of hydrogen peroxide on sodium 
abietate, hexadekacolophenic acid, C 16 H 22 O 4 , is produced, which 
reacts with phenylhydrazine and with acetic anhydride, indicating 
the presence of CO and OH groups. Fahrion points out that 
these colophenic acids are probably identical with oxyabietic acids 
produced by the actipn of air on abietic acid ; ef . oxidation products 
of linseed oil. The peroxide acids are unstable and undergo change 
to oxy- and ketoacids, which can react with acetic anhydride and 
phenylhydrazine. t 

A summary of the themistry of rosin and rosin oil has been 
given by C. E. Soane (Journ. O.and Col. Chem. Assocn., 1922, 5,320). 
The following constitutional formulae have been put forward for 
abietic, acid and substances allied to it : 
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COOH 





Sc, 

11 1 ] 

l 1 

hI 

Je 



A 

'.y 



Phctianihrene Keteut', Hyilr<K-iirlK>n(’,aH 24 Abiotir acJil r.,„H,oO, 


(IjgTIio. 


Ironi ro^iii oil 
(Schultz). 


( KnHtcrdi'ld aiul iJutilcy, 
1904, witli CHj added). 



Dlpcntene CmHu. 


t Accouliup to Riizicka, th< remainlnp (’IT 3 group and the TOOIT grout) in abletic acid may 
occupy one of the lollowing positions : — (JH* ; OOOH— 0 : 3, 5 : 4, 6 : 1, 2 : 8 , 2 : 7. 


It would appear as if the formula C20H30O2 were the most 
acceptable for abietic acid, and Easterficld and Bagley’s type of 
formula is preferable to Griin’s formula in the light of present know- 
ledge. L. Paul in a series of papers has investigated abietij 
acid very carefully, and finds that it has a number of modifications 
differing in melting point and solubility. American ctilophony 
is stated to contain 90 per cent y-pinic acid (m.p. 75° C.) ; y-pinic 
acid is obtained as a voluminous precipitate when a solution of 
rosin in alkali is treated with hydrochloric acid. Its melting point, 
75°-76° C., rises in eight months to 88"" C. Sylvie acid (occurring 
in rosin) can be prtjjiared from y-pmic acid oy the action of cold 
alcohol. The two acids are transformed on standing into «-pinic 
acid (m.p. 8i°-83'' €.), which is soluble in water and in petroleum, 
and /3-pinio acid (m.p. 98°-100° 0.). t 

a- and /i^-pinic acids ar^ present in colophony, especially in 
colophony powder. When a- and /^-pinic acids are crystallised 
from hot alcohol, a-, and y-abietic acids (m.p. 150° C., 160° C., and 
162° C. respectively) are obtained.*® (^Jfchn ^ prepares abietic acid 
from white rosin by reprystallisation on the water bath from methyl 
alcohol and ether (50 : 6) and washes the crystals of abietic acid 
(m.p. 156°-162° C.) with methyl alcohol. 

The formation of waiter-soluble pinic abids is worthy of con- 
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sidertition as adding to the active acidity of films (!ontaining rosin 
and affecting their durability. 

E. Knccht and E. Hibbert obtained by re]x.‘atod crystallisation 
from acetic* acid and alcohol two pimaiic acids (C20H30O2) from 
American and French turpentiiK' res])eetively, sho\\ing oj)positc 
optical rotations. On heating in vacuo or in a stream of carbon 
dioxide they are converted into I'osin-like anhydrides, which on 
recrystallisation fi'om acetic acid or alcohol change to inactive 
pimaric acids. "The r(\sins themM('lves j)robably consist of anhydrides, 
hydration being preliminary to the (a-ystallisation of tlu‘ resin acids, 
and it is suggested that tin’s is the cause of whitening of the surface 
varnished with rosin when subjected to prolonged immersion in water; * 

The chief eonstitmmts of rosin must be considered {is abiotic ' 
acid in one or more of its many forms, c()lo])h(‘nic, j)inic, sylvic, 
pimaric, or sapinic, together witli small quantities of reseiKJS, which 
arc soluble in neither acids nor alkalies, and tire of relatively 
low oxygen content. The ri'senes may be regarded as oxypoly- 
terpenes formed from terpenes by simultaneous polyuKTisation 
and oxidation. Abiotic acid from Spanish coloplionv is idiuitical 
with the acid obtaimd frdm American colophony. The modifica- 
tion of the abiotic acid will depend on th(‘ variety of the oleoi'(*sin 
and on its age and mod(‘ of trcatimuit to giv(‘ (‘olof)hony. 

Klason and Kohler (»/./. Chemic, 1900, 73, 337) found 

that the “ winter resin ” from 8caridinavian pinc's yietded a mixture 
of sapinic acids, which are also tlie ]>recursors (^f the ty})e of resin 
acid in American colophony, whilst jumaric acids an^ characteristic 
of French galipot resin. 

A pure abiotic acid may be prepared by gently heating fifty parts of 
white colophony with a mixture of fifty [)arts of methyl {ilcohol and 
six to seven ])arts of strong suljdiiiric acid on the w{iter bath, with 
frequent stirring and shaking until a crystalline mass is obtained ; 
;this is cooled, strained, and triturated with cold methyl alcohol. 
The resulting abiotic acid melts at 156°-lf)2'' (k and may be re- 
crystallised from methyl alcohol. A sample of the pure acid h(;ated 
at 160°-170° C. gives, on cooling, a fused mass (s.g. 1*072), which 
shows no tendency to crystallise (white rosin has s.g. 1*08), and 
it behaves to ammonia, methyl alcohol, and strong sulphuric acid 
in the same way as prdinary rosin. By heating fused abietic acid 
to about 200° C. a y(dlow colophony (s.g. I *07) is obtained. There 
is no loss of weight during the heating, and no anhydride is formed. 
These results indicate that rosin may be legard^d as a more or less 
impure vitreous modificart;ion of abietic acid. 

Unchanged y-i)inic acid (m.p. 75°-76° G.) can be separated from 
rosin by treatment with very (lilute ammonia and alcohol, because 
of the ease with which its ammonium salt is decomposed, whilst 
a-pinic acid can be obtained* from the filtrate on acidification, 
y-pinic acid gradually changes to a-piniq acid, which in turn 
changes to /il-pinic acid (m.p. 100° 0.). y-pinic acid, sylvic acid, 
y-abietic acid, are soluble in petroleum, whereas a- and jtl-pinio 
acids aae insoluble. 
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L. Paul points out that rosin can form unstable compefunds 
with organic and inorganic substances, as is shown in a very pro- 
nounced manner in its behaviour with petroleum hydrocarbons. 
Pure anhydrous y-abietic; acid is capabh' of absorbing 'benzine and 
higher boiling point hyeb'oearbons, and the same pi'operty is possessed 
by the salts of y-pinic acid, (‘-specially the calcium salt. When 
sodium y-i)inate is heated with ten times its quantity of petroleum, 
water vapour is copiously evolved at 110^-120*^ C. and the solution 
solidifies to a translucent mass. The application of this is shown 
in the function of thinners in resin varnishes, where the strong 
attraction of the resin for the thinner is a factor tending to the 
stability of th(‘ mixing. The work of Paul has beem quoted at 
length, because it is an example of careful investigation into the 
])i*o])erties of a typical resin in th(‘ behaviour of varnish mixings. The 
tcnchmcy to ignore tlic'se j)roperti(^s, excc])t that of acidity, is 
likely to cause much trouble. /f-})inic acid is characterised by 
solubility in water with the formation of fluorescent resin-like 
solutions. Sylvie acid is formed by the action of cold alcohol on 
colophony, wlu'n'as hot alcohol causes the formation of y-abietic 
acid. 

Notu. -a- and / acids nnist not ])o confoniided with pinic acid 

cHj,- (MI ch’ cooh 

I CH-V-tMfa 

coon 

produced by oxidation of a-pineno. 

The colloid [)ro]icrties of (Colophony compounds and their 
chang(!s are aseribocl to a special holding power characteristic of 
p^sinous compounds with the formation (fl' new chotnical substances ;* 
e.g. y-piriic- acid forms weak com]>ounds with essential oils which 
constitute tlu' tui'pcmtine resins. 

Ther(i is (■onsiderable difference of opinion in the views of 
investigators on L. Paul’s (conclusions The crumbling of rosin on 
exposure to air is more probably an oxidation to give a peroxide 
acid, which is unstable and insoluble in jytroleum ether, like 
many of the peroxide acids. It would se(mi as if /"i-junie acid were 
an oxyabietic ae^d and not an isotm^r of y-pinio ac^d. It is con- 
sidered that anliA (?i’ides«to the extent of 10-20 per cent are 
present with abictic acid in colophony, s# that in the estimation 
of rosin in soap by alkalies •tlu^ mean combining w^eight is taken 
as 346 and not as 302, which would correspond to C' 2 oi^ 3 o^ 2 - The 
amount of unsaponifiable matter due tj partial decomposition of 
the acid during distillation of the cJlcoresin varies with the source ; 
e,g. French rosin give^ 15*2, American W.W. 7-34, and American 
M.7-61. 

The following table will show the variations in acidity, saponifica- 
tion value, and iodine valhe of different varieties of rosin ; 
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A V. 

s.v. 

I.V. 

* 

AiJHtrian 

146 

167 

116-8 

Amorican W.W. . 

154 

183 

92*3 

» R. 

154 

J65 


French .... 

138 

174 

12]-.il23 


Reference has been made to the dispute as to the number of 
double bonds in rosin. A few figures given by Lewkowitsch will 
show that, in addition to absorption, considerable substitution * 
occurs on treatment with bromine or iodine -carrying agents. 



Hr. Ab8()ri)t,ioii. 

Added Br 

Siibstltiited 

Br. 

I.V. (Wijs). 

W.G. Rosin . 

21T)-7 (J hr.) 

41 

85 

219 

(2 hr.s.) 

237-7 
(24 hrs.) 


203*5 (1 hr.*) 

88 

58 



W. Rosin 

201*8 

114 

43*0 

159-0 

195-8 


These wide variations will bo referred to later under Turpentine ; 
C 20 H 32 O 2 (302) would require I.V. 168 for two double bonds. The 
function of rosin in a varnish mixing will be discussed in another 
chapter, but it is evident that the marked acidity of the substance, 
compared with the copals, will exercise profound influence on the 
properties of the mixings, and the presence of active double bonds 
will play a part in the oxidation process of drying. The decomposi- 
tion of the resin oxidation products will have to be considered in 
respect to the durability of rosin varnish films. 

Resinates. — Rosin yields, with alkalies, resinates or abietatos 
(pinates), which resemble in many respects the alkali soaps made 
from oils and fats. The salts are easily hydrolysed by water and 
lather on being agitated. The rosin soaps may be salted out by 
addition of concentrated alkali or common salt, but not so readily 
or completely as in the case of soaps made from fatty acids. The 
sodium soap dissolvois readily in alcohol, and the salts with alkaline 
earths and heavy metals are insoluble in water. The zinc, copper, 
and silver resinates are soluble in ether. Tl^e properties of the 
metallic resinates have been treated undeT’ metallic driers.®® 

Fused resinates exhibit colloid characters in non-aqueous solvents 
and showVariation in dispersion. Lerfd resinate solutions are stated 
to be more highly dispersed than those of cobalt and manganese; 
(W. Schlick®*). Rosin films Qften show tackiness which can be 
corrected by addition of lime or zinc oxide, but the film is prone 
to hydrolysis by water., The powdery nakire of the dried rosin 
film is characteristic, and is connected with the change of one pinio. 
acid to another form, ^r with the transformation into an oxyabietio 
a^id. 
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M. de Keghel has described the use of resinates in laSquer 
paints and varnishes. When a dry precipitated resinate of zinc, 
aluminium, lead, or manganese is dissolved in turpenijine and the 
solvcmt allowed to evaporate, a hard, vitreous, colouHess varnish 
coating resistant to water is obtained, capable of replacing oil 
varnishes in numerous applications. If the powdered pigment be 
incorporated with this varnish, good quality lacquer paints are 
formed. The prej)aratic)n of such j)aints is carrh^d out as follows : 
The colour to serve as the pigment is carefully and thoroughly 
dried. The equally dry resinate is added, and the two ground and 
mixed togethi'r to give a line homogeneous powder. The final 
mixing and grindiilg is carried out in a porcelain ball mill. The 
mass is then triturated with a little turpentine and is ready for use 
as a lacfj u('r paint by simple dilution wdth a volatile solvent. When 
heavy pigments, such as lead, barium, and mercury compounds are 
used, it is advisable to make the turpentine paste thick, to avoid 
settling out of the pigment on storing or transport. The mixture 
of pigment and resinate cannot be made in all proportions, and 
preliminary ex])(‘riments arc always necessary to determine those 
proportions suitable for obtaining* a coating which will be at once 
opaques and pliable and will have no tendency to rub off or to 
crack. The last mentioned is the most frequent trouble with this 
class of paint, and is often attributed to an excess of resinate. 
The addition of a little rosin oil to the paint does much to counteract 
the tendency to crack, and 4-5 per cent of rectified pale resin oil 
should be added to the turpentine when the danger of paint-coat 
cracking is present) 

Two typical formula^, may be given here. For a white lacquer 
paint: zinc oxide, 20 parts; zinc resinate, 10 parts; neutral 
lectified rosin oil, 1-5 parts; turpentine, 25 parts. For a green 
lacquer paint : ultramarine, 20 parts ; chrome yellow, 16 parts ; 
aluminium resinate, 12 parts ; manganese resinate, 2*5 parts 
neutral pale rosin oil, 2-6 parts ; turpentine, 52 parts. The rosin 
oil is dissolved in the turjjentine, mixed with a finely ground pigment 
and resinate mixture, and the whole then pounded in cylinders. 
The resultant paint is immediately transferred to receptacles with 
tight-fitting lids:; 

' The lacquer paints are stated to be far m 4 )re brilliant than the 
ordinary oil pigment paints. Their fastness and permanence may 
be greatly augm'^nted by covering them with a pqfe transparent 
colourless resinate varnisl! ; e.g. a 6 per cent solution of zinc resinate 
in turpentine to which 2 per cent of rosin t)il has been added. The 
two layers being of the same chemical composition, an intimate 
T^on with perfect adherence is formed, and there is no danger of 
the protecting layer cracking or. splitting off. In the opinion 
of the writer, although the brilliancy of the lacquer paints 
may be greater than that of the ordinary oil paint, it is doubtful 
whether they are sufficienuly durable on exposure to atmospheric 
action. 

Production and Consumptlos^ of Rosin. — The production and 
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consumption of rosin will be generally considered under Turpentine. 
The following table is taken from (German sources : 



Bosin. 

Tar]H'nHfu\ 

U.S.A.— 

Tf>113. 

Tons. 

1913-14 

350,000 

150,000 

1914-15 

420.(H>0 

11,000 

1918-19 

245,000 

03,000 

1920 21 

321,000 

8S,000 

France — 


j 10,700 tons of rosin nKcl turps 

before 1914 | 

04 to 

19 to 1 exported (o England 

80,000 

25,000 j 11,1100 do, exported to lielgiiuu 



f 0,000 do, e\j)orted to Holland 

1 


\ In 1913, 43,000 tons of rosin and 

1919 . j 

1 10,000 

) 1 j tui-ps vver<' sent to Pbigland 

Spain, 1920 21 . 

21,000 

(>,000 

Portugal- 



19 19-20 

0,300 

1,800 

1920-21 

1 2,400 

1 3.(i00 

(Iroeee — 



before 1914 . 

9,400 

* 2,300 

1 






France is increasing her production of rosin and turpentine, 
whilst in America the supj)ly is on the down-grade ; further, the 
cost of production there has risen, owing largely to the increased 
cost of' labour. 

The importation of rosin into the United Kingdom is as follows 
(in tons) : 



iut<) 

1920. 

1921. 

From 




U.S.A. . . . 

57,240 

31,283 

19,401 

Franco . 

21,300 

22,508 

14,155 

Spain 

9,017 

4,8(>0 

0,151 

Other countrie.s . 

798 

1,705 

1,237 


89,021 

00,470 

40,944 

fi_ 

_ 

_ 




Rosin Esteps. — In view of the serious defects of rosin referred 
to in the previous chapter, atteinpts havtf been made to replace it 
by rosin esters. ( Rosin testers can be obtained by condensatiftn of 
rosin with alcohols ; e.g. glycerol, resorcinol, and naphthol. Such 
esters are not soluble in caustic alkalies, in contradistinction to the 
behaviour of other resins. ,Thc^ arc partly soft, partly hard, resin- 
like bodies which are suitable for varnishes. The esters of the 
sweated copals can also be used, but their solubilities in vegetable 
oils are less than those of the parent sweated copals.) 

(The method of preparation is to heat the resin with the alcohol 
under pressure, with or without a, dehydrating agent (acids or acid 
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talts). As an example may be given the preparation of the resorcin 
5 ster of rosin, by heating rosin, sweated in mcuo to 350° C. to 
emove volatile products, with 17 per cent of its weight .of resorcino 
;0 280° G. in an autoclave under s(;veral atmospheres pressure. 

The lilxTated water is allowed to escape and the htjating continued 
intil the ester formation is complete, which is determined by 
;esting an ether or benzine solution of the ester with soda. When 
>h(5 csterilic:ation is complete, the solution will be unact(‘d on by the 
jCKla. l)('hydrating agents, such as hydrochloric, acid, sulphuric 
icid, 1-2 per cent boric acid, or glacial acetic acid, may be used, 
^ucli est(5rs CrWi be incorporated with linseed oil at 300° C. By 
iddition of a small percentag(‘ of Icjid oxuhi and baryta, and by 
passing in a stream of carbon dioxide or an indifferemt gas, a clear 
pale varnish may be obtained. . The general method for the glyceryl 
rosin esters is to heat rosin (000 Ib.) in a copper still to 180°-200° G., 
ind to th(‘ nu^lted mass 10-25 ]>er cent (72 lb.) of its weight of 
^lyctadne is run in and iho tempcu’ature 7'aiH(‘d (‘ventually to 280° C. 
for twenty minutes, until the acid value is reduced to 5 or 10 ; 3 lb. 

[)f quicklime are tlien incorporated to complete neutrality. Heating 
may b(; done in vacuo at 10 mm. to remove the water formed in the 
['(‘action, or by using a still-head the watei* with the excess of glycerine 
may be distilled off. Th(‘ end of th« reaction can bo determined 
by treatment of the ethereal solution uuth soda, which ought to 
give no water-soluble extract. If the hardness is to be increased, 
it is advisable during the last stages of h(?ating to add linseed oil, 
whereby the mass acquires a stouter consistency. Lead or manganese 
oxides may be addecl at the end of the process, so as to provide the 
necessary driers.'; 

'.The redu<!tion in the acidity varks with the conditions of 
manufacture (t^'inperature, time of heating, and amount of glycerine). 
The acidity of the original rosin may bo reduced from 1 34 (sweated 
rosin) to 3. A hard ester-guT!i can be obtained by melting rosin •» 
with 10]7er of cent Congo copal, cooling to 550° F., adding 12 per cent 
glycerine, and heating to 555° If an aluminium vessel be used 
instead of a copper the |>erccntagc of Congo copal, which can be • 
esterified with rosm, can bo raised from 10 per cent to 75 per cent. 

It would appear as if copper acted as a polymerising catalyst, causing 
the mixture to set and preventing the form^ition of glycerides. 
The esters are slightly solubk' in alcohol, soluble in turpentine, 
lin8(‘ed oil, ether, and petrol. ^ 

( The advantages ^of tlft' esters are good colour and chemical 
neutrality.) They yield varnish mixings Which can be made up 
with acid colours without causing “ livering,” and moreover their 
resistance to the action of weathering agents makes them superior 
regards lustre to copal or rosin varnishes.* In Circular 101, 
Paint Manufacturers" AssociatioUf U,S.A,^ 1920, is described the 
manufacture of a substantially neutral glycerine rosin ester, with 
the aid of tung oil as esterifying catalyst, named “ Tunga-resin.*' 

* After a couple of years’ exposure the films shew fine cracks typical of 
rosm varnishes. 
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In the same communication there is a summary of the patents 
relating to the preparation of ester gums. 

According to Gardner, limed rosin does not combine freely 
with glycervjl, but his statement that rosin and glycerine alone dc 
not combine freely is not in keeping with the experience of othei 
workers, nor that glycerine combines more readily with rosin in 
the presence of tung oil if lime be added in the form of a soap of 
that oil. It is difficult to agree with the view that lime tungates 
formed stimulate the estc^r formation or act as catalysts. H. Wolff 
recommends neutralisation of one-tenth of the acidity of the rosin 
by lime, with the addition of the calculated quantity of glycerine 
for the remaining acndity, and heating in vacuo to 300“ C. If 
the product be too soft, part of the ester can txi driven off by 
distillation. 

, Gardner gives a tables showing the variation in solubility 
of the esters with the acid values : 


Rosin 

JCster. 

Acid 

Value. 

Colour. 

Solubility in Ale(»lu)l, 

No. 1 

158-9 

V ery palo , 

Soluble in cold alcohol 

No. 2 

119-G 

Light colour, opaque 

99 99 

but cloudy partial solution 

No. 3 

27-4 

Medium, opaque 

Dark in colour 

No. 4 

22-3 

Medium, pale 

UnafTected by alcohol 

No. ^ 

17-2 

No. 6 

8-18 

\'ery pale, slightly cloudy 

iSoftoned, h\it not dissolved 

No. 7 

16 

J'ark brown, very hard 

Unaffected 


The properties of ester gums have been investigated by EUis 
and Rabinovitz,^ with special consideration for preventing livering 
of the vehicle in the presence of pigments. This paper is of interest 
in giving a summary of the published work to date. Rosicki^® 
considers that the reduction in acidity of the resins is a necessary 
condition, whereas Muehle^® is of opinion that the coagulation 
(livering) is due to association of copal particles rather than to 
the formation of insoluble salts, because he was unable to produce 
varnishes from Congo and Manila copals which would stand the 
addition of pigments after previous esterification or reduction in 
the acid valu?!. Meguelo considers there is Oruth in both views, 
and the verdict of praetkjal experience will support him. '■ 

It mu^t be pointed out that vamislms containing rosin glycerides 
will not show the rosin coloration in the Liebermann-Storch reaction 
(q.v.). Instead of a fugitive purple coloration a fugitive rose-red 
colour is obtained. * ‘ 

* Rostn Oil. — When rosin is submitted fo the action of heat, 
as is. done on a large scale in stills holding many tons, the products 
oohsist of water, combustible gases, and a series of oils of increasing 
gr^vitjr and viscosity as the distillation proceeds. The heating 
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may be by direct fire or by superheated steam. The conditions of 
distillation modify the proportions of the products. The products 
consist of — 



Dry Distillation. 

Gas, ])or cont 

5-4 

Acid wamr, per cont . 

2-.'> (containing 10 per cent 
acetic acid) 

Ko.^in spirit, ])f*r cent . 

31 

Kosin oil, per r-ont 

85 1 

Pitch, per cent 

3-9 


Fire Heat and Siiper- 
iKiated Btc'am. 


15’0 

640 


The ra]>idity of the distillation has an effect on the proportion 
of the products. Hard rosin oil (s.g. ()4)946-()9982, 18-31 per cent 
rosin acids) is productnl when the distillation is conduct(^d rapidly 
and during the first stages of distillation, whilst soft rosin oil 
(s.g. 0-9878, 9-2 per cent rosin acids) is produced when the process 
is conducted slowly, and especially during tlie middle period of 
bhe distillation (Lewkowitsch). The light oil which comes over 
below 200° C. is termed rosin spirit. The heavier oils, which 
rary from pale ytdlow to deep brown, constitute rosin oil and 
iorm the greater bulk of the distillate. They usually show a 
blue or gr(‘en fliiorescence. The gas is of value for illuminating 
purposes, and from the acid Avater calcium acetate is prepared. 
The 4 properties of rosin pitch will be referred to under Pitches, 
fri Prance the addition of lime to the rosin causes an alteration 
in the composition of the products. J^'or the paint and varnish 
Industry the demand fur rosin oil is insignificant compared with 
its use as a lubricant. A summary of the manufacture of rosin 
r>ils and their uses has been given by McG. Shuey.^'^ The direct • 
distillation of American rosin (B grade) by superheated steam 
Dr by direct fire gives (1) AA^atcr; (2) rosin spirit, s.g. 0-93-0-94, 
straw coloured, 1 per cent yield ; (3) thin oil, s.g. 0-98, 6 per cent 
yield ; (4) first run oil (kidney), s.g. 1-003-1-01, containing 44 per 
cent of abiotic acid (kidney oil distils over at C. and always 
shows a brownish shade on standing, and the yield is 70 jDer cent) ; 
(5) bloom oil distils over at 360° C. and its colour is amber to almost 
black, with a yield of 6 per cent and containing 14-14) per cent of 
rosin acid. As soon*as th® bloom oil begins to distil, the heating 
is stopped, orherwise the rosin pitch would begin to coke. 

The rosin oil is purified by Pemt)val of the rosin acids by^alkalies. 
Renard^^ isolated from rosin oil a hydrocarbon, diterebenthyle, 
C2oH3o.{b.p. 343°-346° C.). Kramer, and, Spilker^ by distillation 
of rosin oil under pressure isolated cymene, methyl cymene, 
phenanthrene (C14H10), • and methyl phenanthrene. Virtanen*® 
prepared a series of hydrogenised retenes, and after comparing 
them with the hydrocarbons of rosin oil, concluded that all resin 
acids contain a hydrogenisecl reten^nucleus. There is now practical 
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unanimity upon that conclusion, but there is still disagreement 
as to the position of the side gi'oups. In the meantime the differ- 
ences in the, relative positions of the methyl and isopropyl groups 
may aceoudt for the isomerism in the resin aeids.'^® Rosin oil 
onsists essentially of a mixture of hydrocarbons of the hydrogenised 
retene type, together with those decomposition products of a 
benzenoid character, which would result from a cracking process 
as the higher temjieraturc's of distillation are reached. 

Rosin oil has the greatest power for penetrating paper of any 
known oil, a property to which it ow(‘s largt'ly its extensive use 
in the manufacture of printing ink and of electricv cables. It is 
a poor conductor of heat and electricity. 

Paper-wrapped electric cables are soaked in rosin oil, because 
of its high jienetrating power and low electric conductivity. 

The better qualities of rosin oil hav(‘ no drying projau’ties and 
the crude varieties are generally feeble in that respect, although 
Shuey (loc. cit.) statc‘s that the ca}>acity of rosin oil for absorbing 
oxygen gives rise to drying qualities which make it useful in 
varnishes ; a statement which must be qualified. 

Rosin oil differs from* mineral oil in a number of characteristic 
properties, so that its estimation in mixtures of the two substances 
rests on its higher sj)ecific gi-avity, greater solubility in alcohol, 
acetone, and glacial acetic, and higher refractive index. The 
estimation of rosin oil de])ends generally on its acidity, due to the 
rosin acids which distil over with the oil ((’. E. Soane, he. cit. ]). 138). 
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JAPAN LAC AND SYNTHETIC RESINS 

Japan Lac and Burma Black Varnish. — Japan Lac . — There are 
two genera of plants, belonging to the natural order Anacardiaceso, 
containing species which on being tapped yield a sap largely used 
in the East as a natural varnish or lacquer ; thfvse are Rhus, which 
yields Japanese lacquer, and Melanorrhcca, which furnishes the 
black varnish of Burma. 

The Japan or Chinese lacquer is characterised by (1) hardness, 
which increases with age ; (2) lustre, which is retained under 
varying atmospheric influences ; and (3) resistance to the usual 
agencies which attack varnishes.* 

The tree which yields Japanese and (Chinese lacquer is Uhtis 
vernicifera (Tsi-chou, varnish tre(‘). It is found in woods at an 
elevation of 4000 ft. and cultivated along the margins of fields 
or in valley bottoms. The tree reaches a height of about 10 metros 
with a diameter of 040 ni. The tapping of the tree resembles 
that of Pinus for turpentine oleoresin. In China the collection 
is made in June or early July; gashes arc made in the trunk and 
the juice is collected in shell -shaped iron plates. The plates are 
'cleaned out by the moistened finger into a bamboo pail carried by 
the collector. The contents of the pail are placed in a barrel and 
covered with hemp paper. Each tree is tapped seven times in one 
year at intervals of seven days, and left for five to seven years to 
recover.* ^The vapours disengaged from the lac are said to pro- 
duce very painful boils, which, however, do not cause death. Large 
quantities of the vai;pish pass annually through the port of Hankow. 
In 1908, 2,479,702 lb. were exported, the bulk of which went to 
Japan. TW^e are three kinds of Japan lac, viz. Ro-iro (best), 
Hana (medium), Se-shi (inferior). The Vaw varnish, which is fre- 
quently adulterated wife tung and perilla oils, is known in Japan 
as Ki-urushi. 

cWhen freshly collected the sap is of a grey-brown colour and 
a viscid consistency, turmng r^eddish black on exposure to the air 
and becoming coated with a thick tough skin. All the varieties 

* An acre will support a thousand or twelve Hundred trees and may pro- 
.d»oe from four to ten gallons of varnish in ten years (Sabin). A large tree is 
estimated to produce 90 granimes, while a small tree produces only 56 grammes 
^ of the g«m {Journ. Soc. Chem, Ind., 1910, 89 , f320). 

v50 
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5 f varnish contain water, which is made to disappear by stftving 
[)r on exposure to the sun. 

To imitate the black varnishes of Ja[)an, the Chinese add oil 
af tea boiled with grey and red arsenic and incor}V)rated with 
bone blac^k. Sabin (loc. cit.) gives a translation of a memoir by 
D’lncarville (1735) on the mode of collection and application 
af the lac, which is an important addition to the knowledge on the 
subject. The French Jesuit missionary claimed no knowledge of 
varnish in general, and simply records his observations of a process 
which had been kept secret for centuries. A more detailed account 
is given by J..J. Quinn, and a concise account of the Chinese and 
Japanese lai^quer manufacture will be found in the Bulletin of the 
Imperial Jnstitute,^ and in Stewart Dick’s Arts and Crafts of Old 
Japan. ^ The only method of thinning the lacquer is said to be 
by the addition of (samphor, but it is easily soluble in cyclohexanol. 
The peculiarity of the varnish is that it hardens onh^ in a moist 
atmosphere, and remains in a tacky condition if exposed to sunlight 
and heat. In Pekin, where the air is very dry, it is necessary to 
expose the laccpiered work in a humid place surrounded with 
matting which is kept damp, other\vise the varnish will not dry ; 
or the varnished articles must be surrounded by soft damp linen 
(Coffigiiicr). The proceedings in J^ipan are similar to those in 
China, from which they are originally derived. Oxygen to 5*75 
per cent by weight is absorbed in the drying at the ordinary tem- 
peratui'e. Whether the catalyst is a ferment (laccase), or whether 
the activity is due to the presence of manganese with a proteid 
substance, is undecided. It is stated that if the lac acid be extracted 
with alcohol it will not dry in the absence of a nitrogenous enzyme. 
If the lac be heated above 60° C. the drying of the lacquer is in- 
hibited. It is also stated that the proteid acts as a ferment upon 
the lac acid, causing the latter to become oxidised and hard. The 
oxidised lac acid is insoluble in all the solvents of the original la(^ 
and is unacted on by acids, except by hot concentrated nitric acid, 
and alkalies. The ordinary oil driers hasten the setting and harden- 
ing, which are retarded by acids, alkalies, and certain metallic salts. 
The lac dries better in vdnter than in summer : nevertheless, it 
can be stoved at 100° C., or more rapidly at 150°-180° C., with the 
formation of a hard, durable, resisting film. It darkens at high 
temperatures, so that for clear lacquers the temperature must not 
exceed 120° C., and for dark lacquers, 180° C. > 

(The application th(i lacquer is said to be dangelous to western 
workers owing to the p(;c uliar poisonous properties of the urushiol 
in the resin, but recent expeg’ience has shown that these .have been 
much exaggerated. No doubt further investigations will render 
the lac more popular on account of its great weather-resisting 
properties. For aeroplane propellers It is the best coating for 
durability as yet kno\yn. It is stated that turpentine can be used 
to thin the varnish and, if the film is not too thick, it will dry under 
ordinary conditions, but moisture facilitates the hardening. 

( The resin has been thbroughlj examinedP by Japanese chemists, 



152 


VARNISHES AND THEIR COMPONENTS 


ospemlly Yoshida and Majima, the latter having effected a synthesis 
of hydroiinishiol dimethyl ester obtained from urushiol, the chief 
constituent of Japan lac. 

Lac of tVe first quality has the following composition : Urushic 
acid, 85*15 ; gum arabic, 8*15 ; nitrogenous material, 3*28 ; 
water and volatile matter, 9*42. 

Urushic acid is soluble in alcohol, ether, chloroform, etc. 
Tschirch and Stevens ^ showed that the urusliic acid of Yoshida 
is a phenolic substance. The yield of this acid is 00- SO per cent, 
depending on the locality. Urushic acid is now called urushiol, 
which is the active principle of Japan lai;. On, reduction by 
hydrogen and platinum, urushiol (C21-H32O2) gives hydrourushior 
(CgiHsflOg), and it also yields (on heating to 350'^ C.) pyrocatcchin . 
On oxidation by potassium pu’maiiganate it gives oxalic and 
palmitic acids. 


OH : 1 

/ 

CcH., -OH ; 2 
\ ^ 

^-'16^27 * •^* 
Urii.shiol. 


OH : 1 

/ 

OgH;, OH : 2 

\ 

^15^31 • ^* 
Hydroiinishkil. 


OH 

0 eH/oH 

^15^^31* 

Isoliydrounisliiol. 


Majima and Tahara*^ consider urushiol, (containing 10 per cent of 
hydrourushiol, to be the principal constituent of lac and have synthes- 
ised hydrourushiol dimethyl ester from sodium dodecinc and 2 : 3 
dimethoxyphenyljjropionyl chloride*, with subseejuent reduction : 

sC(CHJ«CH3 + (CH30)2C;H3(CJr2)2COC'l-(('JLO)a06fl3(<'H2)j;()C’^(:(CH2bCH3 + N 

I 

I 

->(CH3())*CeH3(CH2)3(9{2CH2CHj(CH3)9CH3. 

2: li dirnethoxy-n-|>ontadecylbeni?ene. 

3 : 4 dihydroxy-/-pcntadecyl benzene was also synthesised and found 
to be identical with isohydrourushiol, which had been obtained by 
Majima and Nakamura by heating pentadecanie acid with pyro- 
catechin and reducing the ketone formed, whereby isohydrourushiol 
(m.p. 93° 0.) was produced. 

Urushiol is a mixture of compounds which differ from oqe another 
in the number and fn the i)osition of the double bonds present in 
the long normal carbon cJiain. In this respect it exhibits a close 
similarity to Hrying oils. These compqnents* are converted into 
the same hydnjurushiol.^ One compound, CgH3(OH)2(OH2)7CH : CH 
(CH2)6 CHo, gives on oxidation an acid^ U8H3(OH)2(CH2)7COOH, and 
heptanal, whilst another, C6H3(OH)2(UH2)7CH : CH(CH2)4CH : CH^, 
gives formic acid and the same acid as from the preceding compound.** 

Burma Black VarnisK, — T5ie Burma black varnish (thitsi) is 
an oleoresin obtained from the black varnish tree, M elanorrhoRa 
uMtata. The trees are tapped and the properties of the oleoresin 

* The main constituent of Indo-Chinese lac (laccol) has the constitution 
: C»(CH,)5*CHa (1:2: 3).*' 
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are similar to those of the lac obtained from rhua, although slower 
in drying.® Thitsi contains thitsiol, C 6 H 3 (OH) 2 Ci 7 H 35 (1 : 2 : 4), 
which is an imsaturated substance, reducible to hydrothitsiol (4-n- 
hcptadecylcatochol).^ It is not prc'scnt in thitsi in such large 
amount as is urushiol in Japan or Tndo-(^hina lac.'^ 


Sy>jthetic Resins 


Phenol-formaldehyde Resins.-— When phenols and formaldehyde 
(formalin) an'Jieatf^d in tlm ])resence of condensing agents, substances 
ar(‘ ohtairicfi wliich in app(‘aran(;e and in properti(‘s resemble varnish 
resins. Th(‘ condensing agent may be an acid, an alkali, or ammonia. 
The inv(‘stigation of these substanc(?s has been developed by 
Rat*k(‘land” and his collaborators. The chief representative of this 
class is Bak(*lite, which is manufactured in a number of forms, 
each with im}K)rtant properties. 

Bakelite. An account of Bakelite and its applications is given 
by D'badi.*^ The so-calknl Bakelite varnishes are solutions of 
Bakelite A in methylated spiiit. ; The \*arnishes when stoved give 
hard insoluble and infusible coatings of high chemical and mechanical 
resistanc(^. Ntoxed Bakelite* laenpipr films resist the action of 
inetliylated s])irit, ammonia, and salt' water; moreover, they are 
acid-proof. If fluid Bakelite A (resol) is heated for several hours 
at a temperatun* of 14()'^'-170'' C. and under a pressure of 10 atmo- 
spheres, it is transformed into transparent insoluble and infusible 
resit(*. Generally a filling material is used which is impregnated 
with the fused rcsol, forming a plastic mixture, and completely 
fills the mould in the press. At a temperature of 100°-200” C. the 
resol is chang(Hi to Bakelite C (resik*). Resito is non-hygroscopic, 
and is one of tin* most resistant of all plastics. It can be heated 
to 300° C. without d('comj)osition, and at higher temperatures it 
chars, but does not ignite. It is an excellent di -electric, and is 
suitable for pen and ])encil holders, umbrella handles, cigar holders, 
etc. The action of an aldehyde on a phenol is primarily according 
to the scheme 


HCHO 4 2C«H50H - H2C(C;H40H)2 + H.p. 

Wohl * considers the resites to bo polyjnerisation products of 
the methylene d'*nvativ(\s of a tautomeric phenol. 




'.•ch/ , 

^CH = CH^ 


CH-CH 




:C = 0. 


Herzog and Kreidel ^ attribute 1)he cfi-pacity to polymerise to the 
presence of the resinophone group CH : CH • CO. 

Coster van Voorhout has supplied more definite information 
^ to the course of reaction between phenol and formaldehyde. 
He followed up the visCosity changes occhrring during the con- 
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dens&tiou, and has isolated products from the reaction mixture. 
He was able to separate crystalline ortho- and para-oxybcnzyl 
alcohol when an alkaline catalyst was used, and detected the 
presence of^ dioxydiphenylmethane when the condensation was 
initiattid by acids. His conclusioiLs as to the composition of 
Bakelite are that it consists most probably of a mixture of dioxy- 
diphenylmethane, probably polymerised, with traces of phenol and 
formaldehyde, in accordance with the simple reaction shown above. 
Progress in the manufacture of phenolic condensation products has 
been princi])ally in the direction of knowledge of the conditions of 
reaction to the attainment of sj)ecific properties in the final product. 
Thus, solubility to the point of obtaining alcohol- and oil-soluble 
resins is claimed to be obtained by restriction of the reacting phenol 
to o-cresol ; m-cresol is said to be more suitable for the preparation 
of spirit-soluble resins, and moreover it reacts more easily with 
formaldehyde. For oil-soluble products p-cresol is recommended! 

k To effect the condensation thi’ee classes of catalysts are em- 
ployed : acids, ammonia, and caustic alkalies, and consideration 
must be taken of the proportions of phtuiol and formaldehyde iised^ 
If ammonia be used \iitli formaldehyde, hexamethylenetetramine 
is first formed, which reacts with phenol in the proportion of 3 mols. 
phenol to 1 mol. hexamethylenet(‘tramine (CH2)6N4, to produce 
a well-defined crystalline product ((ygHi2N43CeH50H).^^ Under the 
action of heat this product undergoes decomposition, probabl)'' 
according to Voorhout’s scheme, and resinifies with the evolution 
of ammonia.® rw-cresol yields a diplumol substance, CgHi2N42C0H4 
(CH3)0H ; o-cresol yields a monophcnol. Resorcinol leacts similarly. 

N 

CHj cLj CHj 

, I I I (hexamethylenetetramine) 

N_CH2-N-CH2 N 

Harvey and Baekeland do not consider that this formula is 
properly represented to account for the above compounds. Instead 
of ammonia, the amiuonium salt of a volatile acid or amine (fatty 
or aromatic) may be used. Instead of an alkali or alkaline, carbonate 
sodium sulphijte can be employed. W. Esch condenses phenols 
or o- and m-cresols or their derivatives with an*aqueous solution of 
an aldehyde in the presence of benzoates or salicylates as catalysts.^ 
\Satow»and Sekine state that the* solubility, fusibility, and the 
chemical and physical resistance of the condensation products are 
proportional to the degree^ of condensation, and that the oil-soluble^ 
condensation products from phenol and formaldehyde give distinctive 
colour reactions with many salts, whereby, it was found that the 
nature of the condensation product varies with the catalyst (acid, 
ammo^a, and caustic^ alkali). }Tbe patents for the preparation of 
(hese'Hiiii^s are very numerous, ^nd a summary of them appears 
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in the Annual Reports of the Society of Chemical Industry. Rhgg 
considers that their high price will prevent their employment on 
a large scale, but for sijecial uses the superior properties will permit 
of their application. He classifies the formaldehyde resins into 
four classes : 

(1) Insoluble in the usual solvents and infusible (Bakelite and 
resites). 

(2) Soluble in certain solvents, but giving a lacquer which must 
b(i stoved to give a durable coating (Bakelite A and B). 

(3) Resinites soluble in alcohol and giving usable varnishes 
without stoviug ; e.g. Issoiin. 

(4) Rfjsins soluble in fatty oils and other solvents — Allxjrtols 
(Albert and Behrend).^® 

Class Nd. 4 is of especial interest, and the use is only restricted 
by the high cost compared with that of the natural oil-soluble 
resins. 

, As a lacquer substitute the Bakelite A t 3 rpe has become popular, 
and gives a coating of l^igh lustre and good colour. (Jolourless 
transparent synthetic lacquers have not as yet been obtained of 
the same durability and lustre as the gold amoving varieties. 

•H. Wolff points out that wdth solvents employed in solutions 
of synthetic resins the increased viscosity arising on addition of 
non-solvents induces a change from molecular to colloidal solution, 
and even to gel formation. He suggests that the persistent softness 
of residual films resulting from exposure of resin solutions is to be 
accounted for by the s(ilectivc evaporation of the true solvent. 
This would not occur in varnishes containing turpentine, because 
the slightly less volatile turps is the best solvent ; but in a blend 
of xylol and petroleum the concentration of the less volatile solvent 
would increase on drying and favour gel formation and softness of 
the film. This will be referred to under Turpentine Substitutes, 
and is a point wliich is very often overlooked. Beckmann and, 
Dehn^** describe a series or resins, similar to Bakelite, in which 
furfural aldehyde takes the place of formaldehyde or bonzaldehyde.^*^ 

Cumarone Resins. — A new class of artificial resins, the cumarono 
resins, has attracted attention lately. They are polymerisation 
products of cumarone and indeno, obtained from coal-tar naphtha 
distilling between 160° and 185° C., by the actipn of sulphuric acid.®® 
The details of the preparation of cumarone and indene resins by 
pol3rmeri8ation nre given by Barrett.®^ Marcussqp®® notes the 
greater solubility fff cumarone resins in solvents, and generally 
the lower melting j)oint, temperature, and lower acid, saponification, 
and iodine valuers than the niitural resins. • 

The polymerisation may be effected by aluminium chloride 
at 20° C. ; the lower the temperature of polymerisation, the higher 
the melting point and the lighter Che colour of the polymerisation 
products. , 

E. Stem found that zinc chloride and silicon tetrachloride 
did not induce polymerisation, but that stannic chloride had a 
pronounced effect. The action qf aluminium chloride wasflot due 
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to the liberation of h 5 'drochloric acid. The cuinarone resin is 
easily soluble in benzole and its honiologues, but is insoluble in 
methylated jspirit. The films are surprisingly water-resisting, but 
they have ndt the fine lustre of the Bak(‘lite resins on stoving. They 
are, ho^evt’r, superior to them in resisting atmosplieric infiuimccs, 
and in that resjH'ct are much better tlu^i shellac coatings. At 
present their high price restricts the use of the resin except for 
special purposes. Jjately there has been improvement in their 
manufacture, as the earli(‘r varnishes gav(' tacky films* and, although 
hardened by the%ddition of para-ind(‘ne, their durability was poor. 

E. Glaser states that cumarone resin is ])roduced from the, 
residues remaining from the careful distillation of light benzole, heavy 
benzole, and carbolic oil (tar oil fractions, b.p. 160''-20()° C.), after 
these have b(^en freed from pyridine bases and ])henols by washing 
with a carefully regulated quantity of (;oiicentratcd sul})huric acid, 
avoiding excess. It is essential to obtain a thoroughly intimate 
admixture of the acid and the oil. Eor this purpose mechanical 
agitation has largely dis])laced air agitation, on account of the high 
benzole losses. The acid is add(d in small quantities at a time, 
as this has been found to ’give better results than by adding all the 
acid in one charge ; geiuTally 5 jkt cent by W(‘ight of sulphuric 
acid is added. Superheating during distillation should be avoided. 
The shrinkage in volume due to the absorption of unsaturated 
compounds by sulphuric acid may amount to 12 per cent in inferior 
oils, and is generally about 8 per (;eiit. Two parts solid resin are 
furnished by 1000 parts of tar. 

Indene (Kraemer and Spilker, 1890) is found in the crude benzole 
fraction (b.p. 170°- 182° 0,). 

Sulphuric acid converts cumarone into para-cumarone and 
indene into para-indene, three polymerides being known. With 
concentrated sulphuric acid a polymeride (m.p. 210° C.) is ob- 
tained which dissolves in ether with difficulty. With weak sulphuric 
acid a poJynS'eride (m.p. 100° C.) is obtained which is easily soluble 
in ether. It is the presen(i(5 of this modification which is the cause 

the low melting point of many cumarone n^sins. Cumarone is a 
tcolourless liquid (b.p. 172° C., s.g. 1-096) and is polymerisable. 
Para-cumarone (m.p. 107°-108° C., m.w. 473, (C8H60)4), has two 
modifications, one sqluble and the other insoluble in benzole. 


CjH,/ . ')CH, Cumarone. C,H.^ 


Indene. 


From its •formula it is suggestive of ^he resenes referred to under 
the copals ; moreover, the inactivity of cumarone is worthy of 
more consideration. ^ ^ 

R. Fischer compares the prices in Germany of cumarone 
resins with American and French rosin : , 


100 kilos cumarone resin cost 250 marks. 


100 kilos American rosin cost 385-450 marks. 
lOd kilos French risin cost 320-490 m*arks. 
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The production of cumarone resin in Germany in 1917 amounted 
to 11,000 tons.2''i« 

\Duroprene the chlorination of rubber a solid 

resin is obtained, soluble in benzol, coal-tar naphtha, O^arbon tetra- 
chloride, and trichlorethylene. The ordinary Duroprone varnish 
is a 10 per cent solution of the resin in benzol and solvent naphtha. 
The varnish film is unacted on by alkalies and acids, alcohol, ether, 
petrol, and ])araffin oils. The advantage's claimed for it by the 
United Alkali Co. demand careful consideration in view of its 
va]ua])l(*. i:)roteeting ])ro 2 )crties, impernu^ability t# water, and the 
^pale colour of, the varnish film. It would seem to be superior to 
many spirit varnishes, but the film of the j'esin lacks the elasticity 
given by an oil vaiaiish. 
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CHAPTEH X 

BITUMINOUS SUBSTANCES 

Varieties of Bituminous Substances. — Tt is difficult to give strict 
definitions of tiic various bituminous substances used in industry. 
The terms “ bitumen,” “ asphalt," “ tar,” “ pitch,” ” resin,” and 
“ wax ” overlap in their meaning, which thus becomes indefinite. 

The term bitumen is considered by Langton ' to be generic, 
denoting a class of substances soluble in carbon disulphide and 
other neutral liquids, and* consisting of comjiounds of carbon and 
hydrogen, associated frequcmtly with compounds of oxygen, sulphur, 
and nitrogen. Asphalt is regmled as mineral matter containing 
bitumen in intimate association. Bitumens may be classed accord- 
ing to origin, natural or mineral, artificial or pyrogenous. The 
mineral pitches comj)ris(‘ bitumen (Sanskrit -Latin equivalent 
gwitu7nen, pertaining to pitch) or asphaltum ((hrif>aXij^, stable ; 
French asphalte ; Spanish asfalto ; German Erdpecli). The pyro- 
genous pitches are produced by the distillation or destructive dis- 
tillation of carbonaceous material, either in closed vessels or by 
blowing in air during the distillation. They appear in the form 
of petroleum pitch (the residual pitches produced in the distillation 
i)f' asphaltic and non-asphaltic petroleums), coal-tar pitch, resin 
pitch (from the destructive distillation of resinous woods and resin^ 
e.g. Stockholm pitch and rosin pitch), stearine pitch (from vegetable 
and marine oils), wool grease pitch (from wool fat), and bone pitch 
(from the destructive distillation of bone-oil). 

Colour, consistency, hardness, lustre, fracture, volatility, odour, 
feel, and fusibility, as well as solubility in special solvents, are 
their most important physical characteristics, distinguishing the 
members of the different classes of pitches or bituminous substances. 
The differences in chemical composition ,• thoii^h varied, are not 
of such decided importaace from an industrial standpoint as" the 
physical pioperties mentioned above, • 

; In the table on following page the generic term bitumen includes 
petroleum pitches, native asphalts, native mineral waxes, and asphal- 
tites. Asphalt includes native and pyrogenous asphalts. Native 
asphalts are often associated with a substantial proportion of mineral 
matter. . Pyrogenous asphalts include the residues obtained from the 
distillation, with or without air-blowing, of petroleums. The asphal- 
tites include gilsonite or^ glance pitch and gfahamite, whilst the pyro- 
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bituiiiinous asphaltites include impsonite and elaterite. Pitch 
comprises the residues from the distillation of tars (oil -gas-tar pitch, 
water-gas-tar pitch, bone-tar pitch, wood-tar pitch, coal-tar pitch, 
producer -ga?f-coal -tar pitch, and otlua* coal-tar pitc^hes, as well as 
pitches produced on distillation of fusible organic substances), 
the process having been terminated before the formation of coke, 
e.g. rosin jjitch and stearine pitch. Only those pitches which are 
used in the varnish industry will be treated in detail, so that the 
description of the classes of bituminous substaiKx's will be very 
restricted. 

Before 1902 the term asphalt was confined almost exclusively 
to certain semi-solid or solid bitumens found in natural dey)osits, 
most of which occurred in adfuixture with clay or sand, which 
could not be removed by ordinary ndining mt‘thods. When the 
mineral matter predominated the product was termed as])haltic 
sand or rock asphalt, depcmding u])on whether or not the mineral 
structure was loos(‘ly or tirmly knit togethtu*. The EurofKian ro(;k 
asphalts contain less than 15 j)cr cent of bitunum, whcTcas refined 
Trinidad asphalt (Manjak) has 56-5 ])er (‘ent, so that until 1892 
Trinidad asphalt was so generally used that the term asphalt was 
applied to that coming from Trinidad. In 1892 a relatively pure 
asphalt occurring in VeiU'zivla (Bermudez J^ake Asphalt) was 
brought into the market, and th<‘ import into the United States 
is now nearly ccpial in tonnage to that of the Trinidad asphalt. 
Comparatively small deposits of asjdialtic sand and rock asphalt 
have been found in the United 8tak's, c.fjr.gilsonite (Utah), grahamite 
(Oklahoma), and wurtzelite, and have been used for asphaltic 
specialities, of which black japans are the most im])ortant ; but 
(as will be seen later) the demand is small compared with the 
requirements of the two main asphalt industri(‘s, ])aving and 
roofing. 

Before describing bitumens and pitches in detail, it is advisable 
to indicate briefly the chemical composition of the former class, 
with the object of tracing connection between chemical composition 
and physical projierties. The bitumens are essentially hydro- 
carbons containing small and variable amounts of oxygen, sulphur, 
and nitrogen, but tlie hydrocarbon character is the dominant 
feature. The hydrocarbons may be paraffins of the C„H 2„+2 series, 
the gaseous members of whi(;h accompany the liquid forms in 
Pennsylvania petroleum, and the solid members (C' 24 H 5 f, and upwards) 
are found in ozokerite and paraffin wax. t ^ 

The members of theoolefine series (C,.H 2 „) and acetylene Ijeries 
(C„H 2 „ . 2 )('Of the open (;hain hydrocarbons are not present to any 
appreciable extent in bitumens, tars, or pitches (cf. gilsonite). 

The cyclic saturated hydrocarbons (C^Hg,,) occur largely in 
Russian (Baku) petroleum* in a*sphaltic petroleum (Ohio, California, 
Canada, and Colombia) , and in Borneo petroleum. The first member 

,CH, 

nf the series is a gas (b.p, - 35° C.), viz. trimethyleno CHj^ f 
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whereas oyclononane 


CHg— CHa— CHg— 


CHg is a liquid 


2 2 2 

(b.p. nr'C.), which will give an idea as to the variation^in volatility 
with chaiig(‘ in molecular weight. 

\ The cyclic unsaturated hydrocarbons mav be represented by 

\ ‘ CH ^ 

monocyclic cycjlopentcnc CHo \ li , which occurs largely 

CM 


which occurs largely 


in Texas oils and in certain asphalts. A polycyclic saturated hydro- 
.CH2— OH—CH— CHg, 

I'arbontricyclodccanoCHo^f | | /CH2(m.p.9°C.), 


a polymer of the above, is found in Texas, C^alifornian, and Ohio 
petrol(Mims. 

1’he coal tars are essentially aromatic bodies of the C^Hga-e 
S(U’ies, with tlie attendant liydrocarbons of the naphthalene and 
anthraceiK' series, together with phenols. 

With rofei‘eru:e to the varieties containing oxygen, sulphur, and 
nitrogen, nothing is known. Ammonia and p\Tidino are obtained 
by destructive distillation, but how they originated is unknown. 
The com])OHitiori <jf petrol(‘ums and tars has been extensively 
investigated, but comparatively little is known regarding the 
chemical comjiositioTi of asphalts and coals. No two petroleums 
are alike in composition, and the same applies to asphalts, tars, 
and pitches. Th(‘. sim]der volatile and degradation products lend 
thems(‘lves to comparatively easy investigation. 

The percentage of carbon varies between 84 and 94, whilst the 
hydrog(‘n percentage li(‘s between 8 and 15 (O.iHg,, series of hydro- 
carbons contain 85-7 ])er cent (uirbon and 14-3 per cent hydrogen).’^ 

Asphalts. — With native asphalts associated with minc^ral matter 
the- varnish maker is not concerned, so that mere mention of a few 
well-known asjdialts of historical and general importance will be 
sufficient. The asphalts of Mesopotamia, containing 25 per cent 
of bitumen and 71 p(‘r cent of mineral matter, were used as early 
as 3000 B.C., and the asphalt of Hit is of similar antiquity. Trinidad 
asphalt contains 55 j>f‘r cent of bitumen, 35*5 per cent of mineral 
matter, and 9-10 ])er cent of water of hydratjon. Val de Travers 
asphalt (Swiss) was first, worked in 1/12, and cf)ntains 10 per cent 
of bitumen. Syrian asplialt contains 25 per cent of bitumen. 
Oklahoma (U.S.A.) aephalj contains 12 per cent of* bitumen in 
sand. The refining of the above for special purposes is generally 
too expensive, and for varnjsh- making purposes freedom from 
mineral matter is of special im])ortance. 

The estimated annual (jonsumption of asphalt for roofing in 
1921 was 625,000 tons ; for paving, '669, (KX) tons ; for waterproof- 
ing, flooring; insulating j;;ompounds, and varnishes, 144,000 tons.® 
^rmudez asphalt (Venezuela) was first obtained in 1891 from a 
pitch lake similar to the famous Trinidad asphalt lake, although 
it was mentioned by Sir \^lter Raleigh in hfe book Discoveries of 
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Ouiana^ 1595. It constitutes one of the largest deposits of pure 
asphalt, containing mineral matter up to 6| per cent. For varnish 
making its hardness does not equal that of the more popular 
asphaltites ' 

Trinidad manjak is obtained from two mines situatc^d about ten 
miles from the famous asphalt lake. It is almost pure bitumen, 
like coal in appearance, hard, brittle, and odourless. The manjak 
is found in long seams l)etween layers of clay, and is mined down 
to a 37-ft. seam at a 400-ft. level. The (‘xport of erudt^ manjak 
is not profitable, but by eompoiinding it witli mimual oil the 
s|X‘ciaI 2 ^reparations can be sold at a proiit. It is boiled locally 
with oils at high temperatures and made into ]*ust-])reventative 
coatings of all kinds for boilers, ])ip(‘ lines, etc., which are most 
effective in hot and danif) climates. It ofttai closely resejnblt‘s Bar- 
bados glance pitch and gilsonit(% according to the ])aT‘t of the vein 
from which the sample is taken. 

Abraham ^ groups the asjdialtites into thr(‘(^ classes : gilsonite, 
glance pitch, and grahamite. Since all are presiuiiably deriv(‘d from 
the metamorphosis of petroleum, the classes will nnu'gc into each 
other : 
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The percentages of fixed (tarbon are : gilsonite, 10-20 ; grahamite, 
30-35 ; glance pitch or manjak, 20-30 ; impsonite, 50-85. 

The importance of the solubility in 88 "" Bc.najditha (s.g. 0-042) will 
be referred to later under the Examination of J^itches. The harder 
the pitch, the smaller the percentage soluble in 88° Be. naphtha. 
The soluble portion contains |)etrolenes or malthenes, whereas the 
insoluble pOrtion contains asphaltenps. .^'oal-tar pitches are 
relatively insoluble in ^8° l?e. naphtha. Marcusson ® recognises the 
presence in natural asphalts of : fl) oily substances (saturated 
and unsaturated hydrocarbons) : (2) petroleum resins, which form 
the first stages of conversion of the pcjtrolcum hydrocarbons into 
asphaltenes. They arc brbwnish-black substances soluble in 
petroleum spirit, chloroform,, and carbon disulphide : (3) asphaltenes, 
formed by the action of oxygen or sulphur on the resins or by 
intramolecular change of the resins themselves. They are completely 
soluble in carbon dusulphide, benzol, awd chloroform, and contain 
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7-13 per cent of sulphur : (4) asphaltogenic acids and their anhy- 
drides ; those are tar or resinous substances, soluble in chloroform 
or ethyl alcohol. The percentage of free carbon represents a coking 
value, and is useful in differentiating asphaltites from asphaltic 
pyrobiturnens and non-asphaltic pyrobitumens. The percentage of 
saturated hydrocarbons represents the part insoluble in fuming 
sulphuric acid.® 

Oihonite . — This asphaltite occurs only in Utah in a number of 
parallel veins varying from fissures to several feet in thickness 
(18 ft. ('owboy Mine). Near the outcrop it loses its brilliant 
lustre, changing to a dull black due to weathering. Along the 
Veins it shows a columnar structure exttmding at right angles to* 
the walls, which is characteristic- of asphaltites. The veins occur 
in sandstone- and shale, so that gilsonite impregnates the walls and 
the line of demaication is indefinite. 

The methods of mining are sijnple,‘and little timbering is required 
as the veins are nearly vertical with firm surrounding rock. Twenty 
thousand tons have been n]ined and shipped from the region, and 
it is estimated that 32 million tons are yet f^vailable. Utah gilsonite 
on distillation under reduced pressure yields members of the 
and (....Hg,, _ 2 series rtjsembling the hydrocarbons in petroleum ; 
moreover, it contains the same nitrogen compounds as petroleum. 
There is evidence of gilsonite being of organic origin. Grahamite 
gives a series of hydrocarbon resembling those' from gilsonite.’ 

Glance Pitch . — This asphaltite appears to be intermediate 
between the native asphalts and grahamite^. There are several 
varieties from Mexico, Barbados, Colombia, Syria, and the Dead 
Sea. Only those from Barbados and Colombia are used in the 
manufacture of varnishes and japans. In Barbados it was discovered 
in 1750 and has been worked since 1 896. Near the surface Barbados 
manjak is^hard and brittle with a high fusion point, but at lower 
levels of the mine it is softer with a lower fusion point, and is more 
like an asphalt than an asphaltite. It contains ()'7-()'9 per cent 
sulphur and 1-2 per cent mineral matter. In the United States 
Barbados manjak holds a unique position in the manufacture of 
insulating varnishes and other high-grade coatings. It carries 
three times as much oil or thinning medium as a similar weight of 
American gilsonite or Mexican bitumen.® The^Colombian variety 
contains 3-3 per cent mineral matter and has a fusion point of about 
276° F. 

There are large velhs oftasphalt at the bottom of the Dead Sea, 
and as it becomes detached from the bottoifi, presumably by earth 
movements, masses of asphalt*rise and float on the surfacJb of the 
lake, the water of which has the high specific gravity of 1 *21 . The 
supply is limited and the material is use(J o5y to a small extent ^ 
locally. The deposit is merely of historical interest, as it formed 
one of the most important sources of supply for the ancients. 

Grahamite . — ^This asphaltite is mined in Oklahoma, occurring 
in a fault or series of faults in shaly sandstone. The veins dip at 
^ angle of between 46° andT 60° an^ are from l9-26 ft. thick. The 
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asphaltite near the wall of the seam shows a hackly structure 
and is dull, whereas in the centre of the vein grahamite shows a 
conchoidal fracture and very bright lustre. The mine is now nearly 
exhausted. 

Impsonite . — The final stage of hardness and infusibility of the 
bituTuen asphalts is shown in impsonite (Oklahoma). It is almost 
insolubki in carbon disulphide and contains a high percentage of 
fixed carbon, but comparatively small percentage of oxygen (less 
than 5 per cent). Outcrops of grahamite are j^rone to weather to 
impsonite, which represents the final stage in the metamorphosis 
of asphaltites. Impsonite will not fuse alone, but must be blended 
• with other ])itchcs, and not more than 20 per cent can be incorporatecl 
with gilsonitc to rnclt at 500°-525° F. Impsonite gives a black 
stain, so that a blend with gilsonite reduces the brown stain of the 
latter pitch. 

Petroleum Pitches. — Closely allied to the natural bitumens and 
asphalts are the residuals from thci distillation of asphaltic petroleum. 
Abraham ^ states that there are two types of petroleums with 
intermediate groups : (J) non-asphaltic petroleums which contain 
open chain hydrocarbons and solid paraffin, but yield no asphalt. 
Sulphur and nitrogen may or may not b(.^ present ; (2) asphaltic 
petroleums containing cyclic* hydrocarbons, no solid paraffins, and 
yielding asphalt. Sulphur and nitrogen are generally present. 
Petroleum pitches are jet black lustrous solids, often brittle, with 
a conchoidal fracture and a low ash content (0-1 j)er cent). With 
the exception of the Mexican residuals they contain only small 
amounts of sulphur, so that they are in marked contrast in these 
two respects to the natural asphalts. In the early days of the 
industry the residual asphalts were carelessly manufactured without 
suitable temperature control. Now they are of excellent quality, 
^ including products fusing as high as 225° F., with satisfactory 
hardness and no greasy surface on ageing. There are wide varia- 
tions in specific gravity and fusion point. The distillation of the 
petroleum is continued very carefully, not above 650°-700° F., until 
the residual asphalt acquires the desired grade. 
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, Richardson ® states that the greater the percentage of saturated 
hy(^ocarbons the yiore pronounced ^ro the asphaltic characters, 
which^is borne out by service tests. Blown petroleum asphalts 
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arc obtained by blowing air and steam thi’ough petroleum, ?reed 
from illuminating oils, at 525°-575° F., until the residue attains 
the desired consistency due to polymerisation and dehy^drogenation. 
These? arc not used by the varnish maker. 

The residual petroleum pitches may be distinguishf?d from the 
asphaltitcs by lower fusion j)oint, lower ash content, percentage 
of saturated hydrocarbons above 25 per cent (native asphalts 
contain 25 per cent, asphaltitcs less than 10 per cent), percentage 
of aspbaltous acids b{?low 2J |3er cent and asphaltous anhvfhides 
below il p(?r cent, whereas native asphalts have much higher 
^value.^^ The proportion of oily constituents is much greater than 
in the Tiatural asphalts. The residues from some of the American 
p(‘trolcums contain aromatic hydrocarbons, e.g. anthracene, etc. 
The petroleum ]>itches are easily soluble in Ixmzol and carbon 
disulj)hidc, but are insoluble in water, acids, and alkalies. They 
are (piit(? waterproof and resistant to extremes of temperature, 
arc' free from ash, and make good elastic black lacquers for iron 
work and for ordinary bituminous paints. It is stated that the 
lesidual asphalts are inferior in weather-resisting propcTties to the 
native^ asphalts and fatty acid jiitches of the same fusion 2 )oint and 
volatility, but th(‘y are superior to those obtained from rosin, 
lignite, and wood. The first-grade* petroleum bitumens, natural 
and artificial, mak(‘ good elastic coatings suitable for electric cable 
insulations.*’ or for electric cable trenches when incorporated with 
kaolin. Toch points out that some asphalts are unsuited for 
maldng bituminous paints, because, under the influence of light, 
moisture, and atmospheric oxygen, oxidation of the hydrocarbons 
(j)oly methylenes) occurs, with the production of fine particles of 
carbon. 

The U.S. Navy Department specification for petroleum pitch 
requires a black wax-like residue of pure bitumen resulting from 
the distillation of an asphaltic - base petroleum. The specific 
gravity must be 1-02 (15° C.), fusion point (Barrett method) about 
203° F., and it must be completely soluble in petroleum sjurit and 
mineral oil.\ 

Ozokerite.— Among the mineral pitches Galician ozokerite, 
after distillation of the volatile petroleums, gives a hard waxy sub- 
stance, breaking with a rough granular fracture. In colour it is 
dark ainbcr, softening at 50° U. and melting between 85° and 100° C. 
Ozokerite and cer(»8in (the product obtained by refq^ing ozokerite 
with concentrated suftphuric acid) are employed as “ finishing wax ” 
and in electjic cables. Some qualities burnish well and take a 
high polish. They are easil v soluble in turpentine, carbon disulphide, 
petroleum, and benzol, but not in alcohol.^® 

Stearine Pitches. — Stearine pitcljps are the residues remaining 
m the still after the distillation of fatty material or white fatty 
acids in superheated ^team under ordinary pressure or under 
reduced pressure. They are of value for blending with natural 
bitumen, as they possess high lustre, satisfactory hardness, elasticity, 
and complete or partial solubility in turjilbntine or petroleum. 
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The pitches from drying and semi-drying oils are less soluble in 
the above sol vents. 

Fatty acid pitches vary considerably in their chemical and 
physical properties, depending on : 

(a) the nature of the fat or oil from whi(;h the fatty acids are 
derived ; from high melting point fatty acids solid or semi-solid 
pitches are obtained ; 

(i) the proportion of natural fats present in the original fatty 
acid mixture ; 

(c) the temperature of distillation. 

The fatty acid pitches contain free fatty acids, ^their hydroxy-^ 
acids, lactones (anhydrides), undecomposed glycerides, and hydro- 
carbon decomposition products, which impart a black colour to 
the pitch. Holde and Marcusson state that high boiling point 
saturated and unsaturated hydrocarbons with asphaltic hydro- 
carbons are present. 

Abraham states that the higher the j)orcentago of saponifiable 
constituents the IxTtter the weatluT- resisting |)ower, and that 
fatty acid jjitches of the best (piality contain not less than 90 per 
cent of saponiliable matter. They are as weather-resisting as any 
of the natural bitumens. The saponification values vary from 
33 to JOO and above, whereas the petroleum asphalts do not exceed 
21 and are generally 5-18. On the other hand, some fatty acid 
pitches may contain as much as 98 pt^r cent of unsaponifiable matter 
and are of good opac'ity with a lustrous black colour, and are 
satisfactory for japans for inside work. The softer the pitch the 
higher is its iodine value and the greater the content of free fatty 
acids. The blackest pitches are the hardest. Medium soft whale- 
oil pitch is quite brown in colour. The hardening and toughening 
of stearine pitches on exposure to air is due to oxidation. They 
flux satisfactorily with gilsonite and glance pitches, but not with 
^ahamite. The most useful properties are plasticity and high 
viscosity, which are imparted to their blends with oth jv bitumens.^* 
The chief varieties are : 

Stearine Pitches. — From lard, giving ductile pitches, and from 
tallow, which yields hard but not ductile pitches. 

Palm Oil Pitches. — Hard, but lacking in ductility. 

Cotton Seed Oil -foots Pitches (Black Grease). — Soft and of 
moderate ductility. ' 

Com Oil- f pots Pitches. — Rubbery, only slightly soluble in carbon 
disulphide, and possessing little ductility * 

Wool Grease Pitches.^ -Ductile, with a black streak and containing 
cholesterol. < 

Special black varnishes for coating tarpaulins are prepared 
from fatty pitches, especially <;otton seed pitch, as these substances 
yield pliant surfaces, showing no tendency to crack, as is the case 
with some soft mineral oil pitches. The .articles may be dipped 
in the melted soft pitch, or a solution of it in a suitable solvent, 
and stoved at 150°-350'* C. In combination with paraflfin oil, 
'wood tftr, and othei^ materials, stearine pitches have been used 
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for the manufacture of special black or dark- coloured printing 
inks. 
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Bone Pitch —Bom* iiitch is an intensely black pitch obtained 
in the distillation of bone oil oil) produced when bones 

are dry distilled. Bone oil yi(-Ids 23 per cent of hard pitch. Bone- 
tar pitch is interiiu'diate in its pro])erties between asphalts and 
fatty acid pitches. It is not very soluble in solvents and is generally 
fliix<‘d with more soluble pitches, to which it imparts a black shade. 
It is produced in comparatively small quantities. 

Coal-tar Pitch.— (-oal-tar pitch is the residue remaining in the 
still after the first distillation of coal tar, and forms about two- 
thirds of the weight of the tre^ated tar or 4 per cent of the weight 
of the coal cai’boiiised. For the varnish maker the use of coal- 
tar pitches is rc'stiict(‘d by their very partial solubility in petroleum, ' 
although they arc* freely solulde in coal-tar spirit. Weiss points 
out in his review of the present knowledge of the composition, 
properties and uses of coal-tar pitches, that their character depends 
on (1) the eliaractci’ of the tar distille d, (2) the percentage of the 
total distillate removed. 

The lower spet;itic gravity tars producec^ at a carbonisation 
temjierature of alxiut 800° (h are rich in open chain paraffinoid 
bodies and give n lower yield of pitch than the h4;h-gravity tars 
containing closed (Slain wromatic compounds with free carbon. 
A harder pii( h is produced by heating strongly to obtain the maxi- 
mum yield of anthracene distillate, and the residual pitch is graded 
by the addition of creosote or anthracene oil. Stewart^® states 
that at high temperatures and mtl^ligh^ charges a yield of 78 per 
cent of pitch is obtained. Continual distillation from vertical 
retorts gives 47 per cent, whereas moderate heat and fairly heavy 
charges give 56 per cent of pitch of finer quality and a lower content 
of free carbon. Related to coal-tar pitch are coke- and blast- 
furnace pitches producedT by tljo distillation of their respective 
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tars.^® Coal-tar pitches have the following characteristics : they 
give a jet-black streak on porcelain and show free carbon under the 
microscope, j The specific gi'avity is comparatively high (1*2-1 -3). 
The susceptibility factor is high, the pitches becoming brittle in 
winter and softening in tlu^ summer Invit ; moreo\'er, they pass 
rapidly from the solid to the fluid state. In carbon disulphide 
they show a comparatively high j)crcentagc of insoluble material ; 
they are insoluble (70-110 per cemt) in ]K‘troleum naj)htha. Soft 
coal-tar pitch sofOuis at 37'^ C. and melts at ()0° C., moderate hard 
pitch softens at 60^' C. and nu'lts at 80° C., whereas the hard variety 
softens at 80° C. and melts at 175° (1. The melting point is takci\ 
as the point at which th<‘ pitch b(‘Comcs soft enough to How. 

Marcusson considers that (*oal-tar pitch consists of insoluble 
carbonaceous substanc(‘s, high molecular weight }iyclro(‘arbons, 
phenols, and resins with drying pro])erties, besides compounds 
containing nitrogen and sulphur and free caibon. Th(‘ insulating 
power is high, th(‘ s])eeific nvsistance b(‘ing so large that accurate 
measuretnents are impossible. Whcti dissohc'd in the usual tar 
solvents, it comju'ises the main ingredient of the best tar j)aints, 
and its waterproofing property and jiower to adhere* to stone, wof)d. 
and felt, and as cement for sealing joints in stonewai’c* j)ipCK, make 
it of great value. In a japan Voal tar-])itch would impart tackiness 
to the film. 

Brown coal, cannt*! coals and bituminous shales yield tars 
on destructive distillation, frcun which ])itches allied to coal-tar 
pitch can be obtained. By the distillation of lignite a coal-tar 
is produced, consisting of oil and paraflin wax and very little 
asphaltic substances. The softer lignite pitch, which has 
an odour of strongly heated ])arafiin, is completely soluble in 
turpentine and benzol. It has good insulating piojxu’ties when 
admixed with caoutchouc and similar substances. Lignite- tar 
pitch is distinguished from asphalt-resin })itch and fatty pitches 
by giving the diazo-reaction ; from coal-tar pitch by its complete 
solubility in benzol and carbon disulphide^ ; from wood-tar pitch 
by the presence of associated sulphur and paraffin wax. In Germany 
it is used extensively in the manufacture of cheap paints in con- 
sequence of its solubility in })etroIeum. 
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Stockholm Pitch. — Stockholm or Swedish pitch and rosin pitch 
are typical products ‘of the distillation' of wood tar and of rosin 
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respectively. Stockholm tar is a peasant-made wood tar from the 
roots of Pinus sylvestris by a process similar to that of charcoal 
burning. A pipe at the bottom of the pile built on ^ slope leads 
the tar to the collecting vessel. 

Th(; roots are not really burnt, but only swe^ated, and the fire 
must be carefully controlled. The work is hardly nununerative, 
considering the risks taken. Sto(*kholm tar when distil l(‘d gives 
light oils (s.g. ()*84-0-8S) and about a 70 [ler cent yield of pitch. 
The pitch is soft, with a jet-like lustre, but of bi-owii colour in thin 
films. It is easily soluble in alkalies, owing to the prescuicc of 
jihenolic derivi^Jives, r.r/. methyl esters of the cresols and of trihvdric 
phenols, and on this fact (h^fKuid its antisejitic and ])reK(‘r vativc 
powtu's. It finds wide a|>pli(^ation in the painting of ships, in 
the preparation of black varnishes, in th(‘ rubber and gutta-[)(‘rcha 
trades, as insulating materials, and in the prejiaiation of imperme- 
able cements. The wood pit.ch(;s are very susei^ptible to changes in 
temperatuH', jiosscssing a l(»w fusion [loint, but they ar(‘ not weather- 
proof, bc'ing ])rone to oxidation on ex])osure to the weather, and 
thus becoming rapidly converted into a ]mlverent condition. Prior 
to 1914 the annual yield from lUissian sources (Archangel) was 
estimated at r)5,3(K) tons. Th(‘ differences betweim the character- 
istics of pine ])itches and hard wol^)d pitches, and the contrast 
between th(‘S(‘ and coal-tar and petroleum j)itehes, are shown in 
a tabl(‘ given on preceding jmge.^^ 

Rosin Pitch. — Rosin ])itch is th(' residue left on the divstillation 
of rosin (colophony), and amounts to 16 p(‘?* {*ent of the rosin taken, 
the other products being rosin oil (67 ])er cent), pinoline or rosin 
spirits (3 per cent), and non-condensable gas(‘s (9 j>ei* cent). Rosin 
pitch resembles rosin in physical })ro])erties, possessing a rosin-like 
odour, sticky feel, and crumbling easily on slight ])ressure ; more- 
over, it is yellow-brown in colour. It is very susc(‘ptible to tempera- 
ture changes and does not withstand the action of the weather. 
Rosin pitch is rarely used alom* in varnishes, and only occasionally 
when blended with low-grade pitclu's. Burgundy ])itch is not a 
pitch, but an oleoresin. It contains mon* or less turpentine and 
emulsified water, and its composition is essentially that of rosin 
containing turps and water. 


Examij^ation of Pitches , 

^ ^ It is evidt nt, from the description of tlw? bituminous substances, 
mcluding pit(;hes, that their identification is not easy : the»detection 
and estimation of the components of a blended mixture are often 
very difficult. The most important examination of 

crude, refined, and blended bitumens are grouped under the following 
headings : Physical tegts ; colour, homogeneity, fracture, lustre, 
streak on porcelain, specific gravity, hardness or consistency, 
ductility, tensile strength, adhesiveness, susceptibility factor, and 
viscosity. YBhe details of tfiese tests are to be* found in Abraham’s « 
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work, and a brief reference to the most important which concern 
the varnivsh maker will be sufficient. 

Physicak Tests. — Hardness or Consistency . — For the hardest 
bituminous materials Mohr’s scale may be applied, whereas a 
needle penetrometer and a consistometer are usc^d for semi-solids 
to moderately hard solids. The standai’d test for penetration of 
bituminous material is described in 1). 4, Am. Soc. Testing Materials^ 
1918, 681. This test is used more frequently in America than in 
England. Penetration is defined as the consistency of a bituminous 
material expressed as the distance a standard needle vertically 
penetrates a sample of the material under known condition of loading^_ 
time and temperature. When the conditions of the tests arc not 
specifically mentioned, the loarl, time, and tem[)erature are under- 
stood to be 100 grams, 5 secs, and 77° F. resj)ectively, and the 
units of penetration to indicate hundredths of a centinujtre. 

The consistometer ^2 registers the degi-ees of hardness on a scale 
ranging from O-JOO, and may he used for determining th(5 hardness 
of substances as soft as vas(‘Iino to substances as hard as gilsonite 
(100). In all cases the {lardness is expressed as the cube root of 
the number of grams which must be applied to a circular fiat 
surface 1 sq. cm. (100 sq. mm.) in area to cause it to displace a 
substance at a spet^d of I cm^ ])er minute. The method of testing 
consists in forcing plungers of known diameter into the substance 
at the rate of 1 cm. per minute*. 

F'iision or Melting Point . — The softening of bituminous materials 
does not occur at any definite moment or tem|x*,rature. With rise 
in temperature they change gradually from a brittle or soft material 
to a viscous liquid. The determination of the softening point 
must be made by a fixed, arbitrary, and closely defined method 
if the results are to be comparable. The methods proposed are 
.many. The Kramer and Sarnow (K. and S.) method consists in 
heating a plug of the solidified bitumen, on which rests a small 
quantity of mercury, in a castor-oil bath provided with a thermo- 
meter, and the temperature at which the inercury drops through 
the plug of bituminous matc^rial is taken as the fusion temperature. 

The ring and ball method consists in observing the temperature 
at which a steel ball falls through a ring which has been filled up 
by a plug of mcltcfl bitumen, the diameter of the ball being J of 
an inch and the brass ring f of an in(;h. Other methods are described 
by Mansbridge,^^ Fellows and Murphy,'^ and by Spielmann and 
Petrie f 

Susceptibility Factor . — This factor is a numerical expression 
represeniang the susceptibility of a <utuniinous substance to tem- 
jierature changes : 


Factor = 


Consistency 32* F. --Consistency at 115° F. 


xlOO. 


Fusion point (K. and 8.) 

The more susceptible the material the higher will be the factor, which 
is of ins^ortance in tl^e case of the softer pitches and tars. Asphalts 
have a susceptibility factor varying from 15 to greater than 100. 
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Solubility Solubility in Carbon Disulphide. — In the case 

of native asphalts, the higher the percentage solubility in carbon 
disulphide the greater is their value. CVude bitumincius materials 
are often purchased on the basis of jx^rcentage solubility in carbon 
disulphide, which indicates freedom from mineral matter. The 
details of the test are to be found in D. 4-11, Am. Soc. for Testing 
Materials Standards, 1916, 326. 

Solubility in Petroleum Naphtha. -Thv. harder the bituminous 
prodiKit the smaller is the percentage which will dissolve in 88° Be. 
naphtha or in white spirit (s.g. 0*785-800). Coal-tar pitches are, 
^however, relatively insoluble in petroleum naphtha. In the case of 
asphaltic pitchers the insoluble part is t(T!ned“ asphaltenes,” whilst 
the soluble part comprises “ petrolen(‘s or malthenes.” The solvent 
naphtha used in tlu^ test must be comj>osod of open chain hydro- 
carbons, and 85 per cent should distil over between 95° and 150° F., 
because unsat UT*ated or cyclic hydrocarbons exert a solvent action.^® 

Chemical Tests. — (Wbou, hydrogem, sulphur, and nitrogen are 
d(^tected and (istimated by th(‘ usual methods.-’ 

Saturated Hydrocarbons.- Richardson,*^® distinguishes between 
the various asphaltic substances (native asphalts, as])haltites, and 
petroleum asphalts) by estimating the saturated hydrocarbons, 
soluble in 88° Be. naphtha, by me*ans of sulphuric acid, which 
removes the unsaturated hydrocarbons. 

SulphonatUm Residue. — Whem a bituminous substance is heated, 
the distilJat(‘ between 315° and 355° C. is sulphonated by sulphuric 
acid (80 per cent SO.,) at 98°-I00° (’. and the volume of the residue 
iucasured.2^> Gilsonite gives 85 ]x>r cent unsulphonated residue; 
wood-tar pitch, no residue ; sa]X)nifiable and unsaponifiable fatty 
acid pitches also give no sulphonation residue, whereas residual 
asphalt from Mexican ]x*troleuiii gives 86 ptT cent. The test ex- 
presses the percentage of saturated hydrocarbons in the distillate 
between 315° (\ and 355° C. 

Mineral Matter and Ash. — The ash content is determined by 
careful ignition of the material in an open platinum dish, until all 
the volatile matter has been expelled and the ignition carried to 
complete incineration. 

Saponification Value. — Five grams of pitch in 25 c.c. of pure 
benzol are refluxed one hour with 25 c.c. of N*al(;oholic potassium 
hydroxide, and after cooling, 200 c.c. 96 per cent of alcohol (neutral- 
ised) is added and the mixture titrated with | N. hydfochloric acid, 
using phonolphthiileih anr^al&ali blue as indicators (3 c.c. of 1 per 
cent and 3 c.c. of a 3 per cent alcoholic solution resp(^ctively). The 
colour change is from a browrtish red to a distinct blue.®® • 

Free Acids ami Acid Value. — Five grains of the material and 
50 c.c. of 96 per cent alcohol (neutralii^d) are boiled for tw^enty 
minutes under reflux, the alcohol is poured off and the residue 
digested again with aloohol. until the extract is no longer acid to 
alkali blue. The alcoholic extract is treated with 10 c.c. of 25 per 
c^t barium chloride solujion, 6 drops of ajkali blue added and 
titrated cold with decinormal potesium hydroxide. The acids on 
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neutralisation give insoluble barium salts, which together with the 
unsaponifiable matter are dragged down, whereby the solution is 
cleared and ^the end point is more distinct. 

Diazo- reaction. — This test is used for identifying bituminous 
substances containing phenols, including wood tar and wood tar 
pitch, peat and lignite tars and jntches, bone-tar piteh and various 
coal tar pitches. It depiuids on the identification of phenols by 
diazobenzolchloride.^^ 

Liebermann - Storch lieaciion . — This reaction may be used to 
detect the presence of rosin, rosin oil, and <*holester()]. Rosin and 
rosin oil give a fugitive violet colour changing to bro>\^n. Cholesterol 
gives a fugitive rose colour changing to dark green. When all' 
three are present the test is valueless. Other substances give 
definite colours in this reaction. Linseed, tung, and cotton seed 
oils give a greenish-brown coloration. Palm oil and olive oil 
give brownish yellow, and copals and fatty acid pitches give a 
permanent brown colour. The Liebermann-Htoich reaction is most 
definite for the detection of rosin and rosin oil.* 

Mansbridge gives a scheme for the examination and identifica- 
tion of pitches, which, however, does not apply to mixtures. It 
relies on a division into saponiliabk^ and unsaponifiable bituminous 
substances and on the behavidar of the members of the two divisions 
to the solvent action of white spirit. In Section 1 the })itche8, 
wholly or partly saponified, include stearine and wool-grease pitches 
and bone pitch. In 8ection 2 the pitches, which are unsa])onifiable, 
include the natural asphaltums, ozokerite, pitches of the coal tar 
and mineral oil groups, and wood-tar pitch. 

The solubility in white spirit of the pitches of Section 1 can be 
grouped as follows : completely soluble in white s]urit are the 
stearine pitches from non -drying fats and wool -grease pitch, 
pontaining chol(;stcrol. Pitches partially soluble in white spirit 
include th(‘. pitches from the dr 3 ing and semi-drying oils and bone 
pitch. Insoluble in white spirit arc the hard and clastic cotton 
seed pitches. Tlic pitches of Section 2, which are soluble in white 
spii’it, are the soft mineral oil pitches and the natural asphaltums. 
Partly soluble in white spirit are the mineral oil pitches, Trinidad, 
and natural asphaltums containing mineral matter and ozokerite 
pitch. Insoluble iij. white spirit and also unsaponifiable are wood 
tar pitch, a few mineral oil pitches giving an asphalturn smell when 
heated, and ^oal-tar pitches. 

J. M. Weiss has put forward a ■sch3me Af analysis of distilled 
tars and pitches, and E. C. Pailler^ points out the differences between 
natural and oil asphalts, based on thetestirnation of the fixed carbon, 
on the acidity of the liquid obtained on careful dry distillation and 
on the saponification value ; , 

Fixed carbon 9-95-16-87 

Acidity . . : . . . , {)-12.].5'9 

Saponification value . . . 7 -4-36 


♦ Roftn con be extrf-cted from pitch by neans of alcohol if it is desired 
to estiznate it. 
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J. Marcusson also gives methods of detection of various pitches 
(natural asphalt, fat distillation residues, commercial products 
manufactured therefrom and coal-tar pitches) in the presence of 
each other. 

In the examination of a black japan the pitch to be identified 
belongs to the class soluble in white spirit. In the ordinary scheme 
of varnish analysis the unsaponifiable part would contain the 
natural asphaltums and the mineral oil pitches. In the examina- 
tion of the unsaponitiable portion the percentage of asphaltenes and 
their fixed carbon values will give an indication as to the character of 
the ]jitches, although it is not possible to estimate with any accuracy 
*the components of a mixture of natural and petroleum asphaltums. 

The saponifiable part and that soluble in white sjhrit will appear 
among the oil and resin acids in the ordinary method of separation, so 
that it is difficult t,o distinguish them in the presence of the resins and 
drying oils wliicjli go to make up th(* black japan. Some details of 
the examination of black japans will be given in the chapter on 
Analysis of Varnishes, and referenc(‘ may be made to Gardner and 
Seliaefh'r, Analyms of Parnts, 1911, and to C. 1). Holley, Paint 
VeJddes, etc., 1920. 

Origin of Petroleum and Bituminous Substances. — The discussion 
of the origin of petroleum and bitnminous substances is outside 
the sphere of this work, but a brief statement of some of the important 
theories put toi’ward will be of interest. H. Abraham (Asphalts and 
Asphaltic Substances, 1921) classifies the theories under Inorganic, 
Vegetable, and Animal theories. 

Inorganic Theories . — The decomposition of the metallic carbides 
in the (‘arth’s crust by water to give hydrocarbons is problematic, 
especially as no carbides have been found to be native. Another 
suggestion is that carbon dioxide acts on alkali metals at the high 
temperatures beneath the surface to give hydro(;arbons, and a 
third suggestion is that hydrocarbons existed in the primordial 
atmosphere and that these condensed in the earth’s crust when it 
cooled ; this has the support of the fact that hydrocarbons have 
been detected in meteorites. 

Vegetable Theories . — According to these theories bituminous 
substan(;es are derived from deposits of vegetable matter, either 
terrestrial or marine. The optical activity of certain petroleums 
has been cited to substantiate this view, because hydrocarbons 
obtained from inorganic substances do not exhibit optical activity. 

Animal ^Aeor/V^^Bi^minous substances are saift to be derived 
from the aciMimuiation of animal matter ii* the ocean depths, which 
is decomposed in time into hydrocarbons. Animal fats* can yield 
pitches, and their conversion into petroleum is said to depend on 
three factors, viz. pressure, temper^ure, and time. 

The vegetable and animal theories *point to the presence of 
bitumens and pyrobittimens in rocks of a sedimentary character. 
It is probable that their origin may bo accounted for by two or 
more of the theories given above. 

Richardson®® suggests that ^ petroleum* pitches originate by 
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surface action between natural gases and the sands with which they 
come in contact, and that asphalts are formed by the surface action 
of colloidal clays on heavy petroleum. Pcckham from a study of 
Californian bitumen considers that the polymerisation of petroleum 
and its conversion into asphalt are largely due to the presence of 
nitrogen and sulphur. A. Pictet ^ obtained bj^ distillation of coal 
at 10-15 miri. pressun^ a mixture of hydro-aromatic hydrocarbons, 
homologues of cyclohexane and cyclohexadienes. At the tem- 
perature of ordinary gas retorts the va(;uum pitc;h passed to ordinary 
pitch. Th(‘ products obtainc'd were identical with those contained 
in (Canadian and Californian oil. By vacuum distillation of fats 
and soaps, mixtures of aliphatic hydrocarbons were*^ obtained, such' 
as are contained in Pennsylvanian petroleum. 

The results of these experinuuits suj)port Rngler’s theory of 
petroleum formation from animal i*esidues and establish a dis- 
tinction between aliphatic and cyclic jxdroleums in their respective 
animal and vegetabh^ origin. 

Sabatier and Senderens have produced petroleuui oils by hydro- 
genating acetylene at high tem])eratures and pressures and W. 
Ramsay has found traces of nickel in crude petroleum oils. 
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CHAPTER XI 


VARNISH SOLVENTS 

Turpentine. —The ()l(H)r‘csin obtained, either by the tapping pro- 
cess, when tile varic'ty of the tree allows it, or from the wood, as in the 
production of wood turpiuitims gives on distillation a volatile spirit, 
which is spirits of turjjcntine or turpentine oil. The non-volatilo 
product (rosin, eolophoniu’m) has already been described. The 
turpentine used in Kurope is obtained from (1) the United States 
{Finns palustris, the South(‘rn long-leaved pine ; Finns tceda, the 
loblolly pini‘; J^imis caribaia, the (hi ban or slash pine) ; (2) France 
(Finns mariiima or jiinaster) ; and (3) Russia (Finns sylvestris, 
Scotch fir or Norway pine), with sinalliT (quantities from Spain 
(Finns 7mirithna), Portugal (Finns inariihna), Algeria (Aleppo pine, 
Finns haleppMsis), and (ireece. Russia is the only country which 
can largely increase its outqiut in the future, although the present 
output of turjx^ntine and rosin from the United States is three or 
four times as great as that of France, Spain, and Russia together. 
The world’s production of turjHUitino and rosin annually prior to 
1914 was 850,000 barnsls of spirits of turpentine, ?.e. 42,500,000 
gidls., and 2,750,000 barrels of rosin of 500 lb. each. Of this huge 
amount the U.8.A. supplied (550,000 barrels of turps and 2,150,(X)0 
barrels of rosin. France sujiplied 130, (KM) barrels of turpentine, 
Spain and Porttigal 50, (XK) barrels, Greece 15,000 barrels, India 
2500 barrels, other sources 25(X) barrtds, all turqjentine.^ Central 
America is yet an undeveloped area,* but turpentine is obtained 
from Mexico (Mexican White Pine, Finns ayacafiuite, and the slash 
pine, Finns caribma) and British Honduras. * Within the British 
Empire Honduras and India possess pines (Finns hngifolia^ the 
Chir pine, and Finm exc^ls(», Himalayan or Bhotad pine) which 
yield a flowing oleo resin, but in India the industry has been developed 
as yet only for the home market. Eldiidge^ states that France 
will expanci its production of oleoresin. Spain, Portugal, and Greece 
will remain stationary; Mexico an<i^ Central America may become 
important producers, but the output frdm India is not expected 
ito exceed 37,000 barrels^ (50 galls.) of turpentine and 100,000 barrels 
^00 lb.) of rosin.^ It is stated that the supply of turpentine and rosin 
from the Uni^ States will cease in ten years’ time, owing to the 
wasteful tapping of the trdbs which yield a flowing oleoresin. The 
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Douglas fir of the American Pacific littoral gives promise of ex- 
ploitation. The progress of the wood turpentine industry is such 
as to justify the expectation that there will be an increase in the 
output of turi)cntine and rosin. 

In the D-^.A., in 1920, 21,471,000 gallons of ordinary turps 
and 35,000 barrels of wood tui-ps were produced, together with 
1,452,000 barrels of rosin and 185,000 barrels of wood rosin. These 
figures show a diminution in production compared with the pre-war 
figures. It is estimat(;d that the world requires annually about 
50,(K)0,000 galls, of turpentine and 1,500,000,000 lb. of rosin. 
It is evident that the “Naval Stores” industry is one of vast 
importance, and the production of turpentine and rosin requires 
careful attention. In the United States until the middle of last 
century the Carolinas wert; almost the sole source of supply of 
U.S. tur])entine and rosin, obtained from the long-leaved pine. 
The area was extended to Georgia, Florida, Alabama, Mississippi, 
Texas, with Georgia predominant in 1900. *ln 1919 Florida, with 
37 jx^r cent of the total output, was the best. 

The method of distillation is practically tht^ same as it was 
fifty or sixty years ago, the apparat\is consisting of a large copper 
kettle of 5(K)-1(X)0 galls, capacity connected by a removable still-head 
to a cof)por worm kept cool in a large tub of water. From 7 to 14 
barrels of thtJ gum are distilled in one operation. Some stills are 
made to hold 800 galls. (20-25 casks) of oleoresin and are fire heated 
so as to keep the oleoresin melted . Water comes over with turpentine 
at first, and afterwards a thin stream of lukewarm water is allowed 
to run into the still, so that the turpentine distils ofi in a current 
of steam at a temperature lower than its boiling point. When 
nearly all the turpentine has been distilled off, the flow of water 
is stopped, the still cap or head removed, and the molten rosin 
remaining in the still is drawn off through an opening at the bottom. 
The >ield of turpentine varies from 16 to 22 per cent of the original 
weight of the oleoresin. The water and turpentine pass together 
into the receiver and are separated and removed at different levels 
by suitably inserted ]fipes. Each cask of turj)entine is inspected 
for colour (water -white standard, one shade off, two shades off) 
and the barrels of rosin are tested for colour with samples taken 
6 in. below the surface of the rosin in the barrel.'* 

Wood Turpentide. — Kienol, Pine-knot Turpentine . — Turpentine 
may be obtained from the wood of the Douglas fir {Pseudotsuga 
taxifolia) by (iLstillation in an electrieadly Seated still. The products 
are turpentine, some rqsin, pitch, and charcoal. Forty thousand 
pounds of wood give 1\ galls. turps,(18 galls, tar oil, 38 lb. rosin, 
1338 lb. charcoal, and 20 lb. pitch. 

Steam-distilled wood turpentine from the dead heart of the ' 
trunk and limbs is water-white and contains dipentene (b.p. 176° 
C.). By draining the fir pitch from holes bored into the tree 
turjientine and rosin can be obtained on steam distillation. When 
the flow of the fir pitch from the tree stops, the holes are plugged 
tip so as to preserve the life of the tree. ' Live turpentine is obtfiSned ' 
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from incisions in the living tree : dead turpentine from stems tand 
roots of felled trees. 

For the detection of wood turpentine in ordinary oleoresin 
turpentine colour tests an‘ available, but the intensity of the 
coloration is no indication of the quantity of wood turpentine 
present. Herzfelds’s t(\st ^ is to add 1 c.c. potassium hydroxide 
solution (s.g. 1 -3]) to 5 c.c. turpentine and warm on the water bath 
with vigorous shaking. If wood turpentine be present the spirit 
will be coloured brown, and if much is ])r('S(‘nt a dark resin will 
separate out. It is advisabk* to ptTform a blank test with ordinary 
turpentine. Several other tests are recommended, which are 
described by H.AVollf."' 

In Anuu-ica a mixture of turpcmtiru* and resinous bodies is 
obtained by th(‘ destructive' distillatiem of coniferous Avood, by 
steam (list illation, or by extraction with solvents. In the ease of 
the destructive distillation ejf Avood tiw^ j)roducts consist of light 
oil, rosin oil, pitc^h, and a wattTy distillate which, on neutralisation 
Avith lime, gi\Ts calcium acetate and meth}^ alcohol, whilst charcoal 
is left in the* letort. The .pi*oc(‘ss has been already referred to, 
and it is only m^ce'ssary to describe^ the r(‘(‘tif4cation and deodorisation 
of the oil. Its pemTrating (‘mpyreumatic odour, contrasted with 
that of ordinai’y turpentine, makes it ynsuitabk' for use. The smell 
can be much improv(‘d by n'ctification Avith lime AA'ater in the same 
manner as in the cast^ of tlu^ copal oils. Schindelmeiser ^ advises 
heating the crude A\ ood f.ur[K‘ntinc under pre.ssure (3 atmospheres) 
with ac[U(*ous ammonia at 140''-1()0° C. for several hours, whereby 
not only acids and fdienols are remoA^ed, but also aldehydes and 
ketones. After washing with Avater and distillation in a current 
of steam a satisfactory turpentine is obtained. The components are 
sylvestrene, ^/-pinene, also dipentene, limonene, and terpineol.®® 
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7 -0-88!) 
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20"' (?. . . 
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1 -408-1 -483 (15-5^ 1’ ) 

2U“ C. 

:il-8-^ 1 2'»-a 
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153-177^ C. 
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180" ^5 per cent 

Add value 

0-08 

0-03 

I.V. (AVljs, ilHUii' 

35«)-h)0 

300-302 , 
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French Turpentine. — The French method of obtaining turpentine, 
which is the best developed at the prisent^time, has been described 
under Oleoresins. 

Indian Turpentine. — F"or details of the Indian method reference 
may be made to an article in Naval Stores, p. 201, by A. J. Gibson. 
The cultivation of the pin^ and the procedme of obtaining the 
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olecresin from Finns hngifolia (Chir pine) and its subsequent 
treatment are conducted strictly on the French plan. The crude 
resin is melted and its sjx^cific gravity adjusted by addition of 
turpentine to allow the separation of water and dirt. Subsequent 
filtration by a gravity method and distillation on th(^ French plan 
constitute the method of treatment. 


Oleorosin 

I 


Rosin (70 per oont) 


I 

''riirjM'ntim' (20 por cont) 


Bulk wliite turps 


Redistillod 


Quality I. 
''J'’urpontine 




Inferior turps 


Quality II. 


Residue in still ^ 

1 , ^ ' 

I 

I f 

1 

4" Redistilled 
.[ 


I 


Quality III. 


Quality 1. has a pt^culiar pleasant odour due to its components, 
A^-carene, a bioyelic terpene,*^ and d-longifobme, a sesqui-terpene. 

Turpentine and rosin are at present being produced in the 
United Pro^dnces and Punjab.*® The Punjab oleoresin is distilled 
at factories at Bhowali, Bareilly, and Jallo. The output of th(‘ Jallo 
factory is about 1 9,000 cwts. of rosin and 70,000 gtillons of turpentine, 
which represent almost the maximum capacity of the factory. The 
maximum possible output from the Indian Government factories 
may be taken at about 73,000 cwts. of rosin and 300,000 gallons of 
►turpentine por annum. The recent annual demand for rosin in India 
may be taken as 66,000 cwts., and the consumption of turpentine 
per annum has not exceeded 330,000 gallons, which confirms the 
statement made early in this chapter, that the industry can only 
supply the Indian market. The conclusion given in the Imperial 
Institute Trade Enquiry Report may be stated as follows : “Although 
at the moment there may be large supplies of rosin and turpentine 
owing to the shortage of shipping during the past few years, there is 
evidence that the area of pine forests in the United States is gradually 
being reduceti and that production i^ declining. Further, the cost 
of production there has risen, owing largely* to the increased cost 
of labour. The priced of American rosin and turpentine are 
therefore likely to remain high. for §omc time, and there will con- 
sequently be a good market for the Indian products at high prices^ 
Experiments should be tcontinucd with a view to the improve- 
ment of tapping of the trees and methods of collection of the crude 
oleoresin. Taii cars should be available for the conveyance of 
-crude oleoresin, and transport facilities should be improved 
in ordea* that the total area tapped may be increased. H In#^ 
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is to be in a position to make any noteworthy contribution t6 the 
supply of turpentine and rosin required hy the United Kingdom 
and other parts of the Empm; in the future, the Indian resin industry 
must be largely developed, especially in the direction *of transport 
facilities in the forests. If the annual yield from all species of pine 
in India should amount ultimately to 440,000 cwts. of rosin and 
1 ,600,000 galls, of turpentine, there should be an appreciable supply 
for ex])ort.” 

The peculiar odour of Indian turpentine will be a disadvantage 
in Englisli and European markets, just as the French turpentine 
is often at a disadvantage compared with American turpentine, 
Although the three varieties are equal as regards solvent properties 
and as varnish thinners. Kimonsen {loc. cit.) ascribes to d-carene 
and longitolcmc the two ])roperties of Indian turptmtine which 
are considered to make it inferior to the American and F*‘ench 
product, viz. ease of oxidation and higher percentage of residue 
on evaj)oration. d-carene r(‘adily absorbs oxygen from the air. 
SaJiiples of Quality I. examined by the writer compared favourably 
with American and French ‘turjxmtine in properties, differing only 
in odour. 

Russian Turpentine. — The possibilities of obtaining large quan- 
tities of tur[)ontino from Russia are gmat. The forests are immense. 
In European Russia 39 per cent of the area of the country is forest 
region and, including Siberia, it is estimatt^d that there arc 900 
million acres of forest land. In Siberia the “ taigas consist 
essentially of pine, fir, spruce, and larch. The oleoresin can be 
obtained in some districts by tapping, but generally the wood 
is crudely distilled to yield turpentine and tar. 

In the Archangel district 300,000 gallons of turps and 25,000 
barrels of pitch (560 lb. per barrel), and 75-90,000 barrels of 
tar (32 gallons per barrel) were obtained annually before 1914. 
The destructive tapping of trees or the distillation of roots in brick 
ovens gives some turps and a light tar. 

In the Kazan and Vjalka districts a crude distillation of the coni- 
ferous wood to give turpentine and tar is jiractised. In the Minsk 
area distillation of wood gives a yield ^)f one -third turpentine and 
two-thirds tar (inferior to Archangel tar). Up to the present 
there has been a lack ot initiative in the development, but wherever 
French methods have been tried the results h^vc been promising. 
Poland and Lithuania are also turpentine-producing countries. 

The impoi ts of turj^l^tine into the United Kftigdom from 
Russia and Scandinavia in 1906 were 4131^ cwts. or 16-4 per cent 
of the total imports. In 19^4 they had fallen to 12 10, cwts. or 
6*95 per cent of the total imports, and in 1919 the imports were 
562 cwts. or 2-47 per cent of the total imports. 

\ Storage of Turpentine. — Iron taims ih which turpentine may 
be shipped or stored shopld not be galvanised, but should be coated 
with shellac. \ Investigations have shown that a persistent white 
turbidity in Wpentine stored in galvanised iron tanks is due to 
finely divided zinc compounds held in suspension. A shellac coatincr. 
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instekd of galvanising, prevents discoloration of the turpentine. 
The presence of water in the turpentine develops acids which 
dissolve the iron or the galvanising zinc. Any unshellacked iron 
surface will ’be attacked by turpentine in cold weather owing to 
separation of water from the spirit (Decorator, 1022). 

Turpentine Hydrocarbons. — American turpentine contains 
a-pinene (dextrorotatory 80-85 per cent) and smaller quantities 
of /:^-pinone (nopinene), camphene, sylvestrene, and dij)cntcne. 
The pinene from the Cuban pine is Isevorotatory, but the pre- 
ponderance of the long-leaf yellow pine accounts for the fact that 
American turpentine is generally dextrorotatory. 

French turpentine contains a-pinene (Ifevorotato'ry). ' 

The Cuban, or slash pine, also contains Isevorotatory a-pinene. 

Russian turpentine contains sylvestrene, whic^h is dextro- 
rotatory. 

Indian turps contains: ^-pinene (/-pinene), 00*8 |)er cent; 
d-earene, 14 -8 (imparts a charack^ristic smell to the tury)entine) ; 
r/-longifoIene, 10*2 ; residue and loss, 14*2- 100. 

Wallach and his pupils have made a careful study of the natural 
terpenes, and of late years a number of terpene hydrocarbons have 
been synthesised by W. H. Perkin, junr., so that their structural 
form 111 le arc fairly well established. In practice it is rarely necessary 
to isolate any of the characteristic derivatives of the terpenes, and 
the standards given below are adequate. The following is the 
American specification recommended for gum and wood turjxjntine, 
together with the characteristics of French and Russian turpentine : 



American Turiwntine. 

French 

Turpentine. 

Ru.ssiun 

Turpentine. 

Specific* Rravlty 15® C. 

0-875-0-862 

0-8725-0-870 

0-8755 

Flash point (Abel) .... 
n„ (2U® C.) 

86“-88® F. 

86®-88“ F. 

or F. 

l-478-l-4(58 

1-4756 

1-4760 

Residue aft-er polymerisation with 
38N . H,S 04 ; Turpentine; 

2%(«„20®C. = 1T,) 



Wood „ . . . 

2-5 (n„ 20® C. =1-495) 



Initial B.P. at 760 nun. : I’urpcntinc 

160" C. 

155®-160“ 0. 


Wood „ 

150” C. 



Percentage distilling below 1 60'' 0. . 



8 

Percentage distilling below 170® C. . 

90 

87-8-D3-5 

80-84 


It nhist be reniembered that pinene undergoes decomposition 
above 250° C. and gives resinous products, so that care has to be 
taken not to*’ exceed that temperature ^during the dry distillation 
of wood. c 

The Terpenes, — The terpenes arc ring compounds containing 
unsaturated linkages and asymmetric carbon atoms, so that the 
variety of their derivatives ji^ great and their chemical activity 
is very marked. 


[Tabwb. 
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Thk Constants of the Terpenes of Turpentine 



n.j*. 

S.G. 

‘‘l. 16 ° c 

llydro- 
cliloride, etc. 

Nitroaochlorido. 

rinene (a) . 

153-.5“-154-5" 

0-857/20° C. 

- 4:i°-48 

(\oH„. HCl 





1 32'’-0 

in ]>. 125" C. 
G.olii.HBr 
m p. 04° C. 

m.p. 115° C. 

0) . . 

103"- 164" (;. 

0-8728/15° V. 

-n)°-8 

m.p. 04" C. 


SylvcKtreno . 

177" C. 

0-851 

-l-66"-3 

(),„H.,21TC1 






m.p. 72' ('. 

in.l/. 106°-107° C. 

• 

• 



C'loHuBr, 

m.p. 135° (’. 


Limoneno 

1 175' C. 

0-846 

f lO0“-8 


/-nitrosolimononc * 


1 



m.p. 104° (!. 
(',«n,.2R('l 

t’loHi.NO 





m.p. 50° C. 


Bipenteno (in- 

170° C. 



^ 'i«ti i*!!*** 


active Limonenc) 




m p. 125H' 


Phellaiidrene 

170°-172°(.\ 


i 

^litrite m.p. 
103° 104° C, 


Oainphcnc . 

1 101" 



i C,„H.,ltOl 



(m.p. 50" C:.) 


Piiiene and oamphoiio are bicyclic forporics. Limonenc and aylvestreuo arc monocycUc terpenes. 
* Identical with Carvoxiin. 
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Vezes ® has put forward a polarimetric method for determining 
the proportions of pinene and no-pinene in French turpentine. 

General properties of Turpentine. — The important general 
properties of turpentine which a varnish maker has to consider 
are (1) its solvent action, (2) its oxidation, (3) its polymerisation. 
Reference must be made to the production of synthetic camphor 
from turpentine (Luttringer and Dubose, Bull Soc. Ind., Rouen, 
1920, 48 , 84). 

(1) Solvent Action . — Its solvent action on sweated and unsweated 
resins has been already dealt with. Turpentine is a ready solvent for 
vegetable di’jdng oils and their metallic salts, and for the metallic, 
resinates. It mixes in all proportions with petroleum. It mixes 
with absolute alcohol and ether, but its solubility in water is small. 
Its viscosity renders it a superior “ thinner ” to white spirit, and 
its low volatility compared with the latter solvent allows greater 
freedom of working on the application of a varnish film. A char- 
acteristic smell combmed with reliable solvent properties has given 
it a reputation, so that its presence in a varnish is deemed essential 
by some users. Its presf'iicc is indeed a decided advantage, but 
is not necessarily essential for all classes of work, because a blend 
with white spirit (suitably selected) will give a result almost equalling 
in many respects that in whicii turpentine is used alone. It must, 
however, be admitted that turpentine is the most reliable solvent, 
and is preferable, provided that its price is not prohibitive.* In 
some varnishes, e.g. insulating varnishes, it is a disadvantage owing 
to its chemical activity and its tendency to form copper salts when 
in contact with that metal, 

(2) Oxidation , — When turpentine is exposed to air and light 
it evaporates and leaves a greasy residue (sobrcrol, pinol hydrate, 
CioHigOg), as well as small quantities of cymene (C6H4 • CH3 • C^gH^), 
formic acid, acetic acid, and carbon dioxide. Another product of 
exposure of turpentine to air is camphoric acid aldehyde (CioHjgOg). 
In thirty days French turpentine will absorb 34 per cent of its 
weight of oxygen, whilst American turpentine absorbs 4-7 per cent 
with the production of 0*1 per cent carbon dioxide (Berthelot) ; 
nevertheless it is stated that French turpentine is more easily 
oxidised than American turpentine. It readily absorbs ozone to give 
an ozonide, decomposable by water and forming a-pinonic acid 


CHo CH- 


-CH, 


\| 

CH C— CH3 COOH 

\ - 

CO— CH3. 


Ainerioan and French turpentine evaporate easily at the ordinary 


♦ Its l®w volatility m^y play a part in the jiaintenancs> of the surfaee of a 
varnish film after setting. 
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temperature, leaving a slightly greasy residue. Russian turpentine 
yields a much larger greasy residue, likewise crude wood turpentine, 
so that these two varieties are not considered to dry satisfactorily. 
No doubt during the evaporation of turpentine the greasy oxidation 
})roducts may bind together the dissolved resin. Generally speaking, 
any catalytic oxidising ])owers may be considered small compared 
with those of drying oils. 

(3) Poly meri sail on. ^Hu\p\mr\v. acid will polymerise turpentine 
to give colo})h(^ne C20H32, a (;olourless oil with a bluish fluorescence 
(b.]). 3()0'’-3ir)" C.). It is the formation of these polymers which 
•are made us(‘ (rf in the analysis of tur|Kmtine. If antimony tri- 
chloride bt' used as polymerising agent, a solid substance, C4oH.e4, is 
obtain(‘d, trans])arent and of a yellow colour (s.g. 0-977), which 
is insolubh' in alcohol. On heating it depolymerises according to 
the scheme : 

^ ' 40^64 ^' 20 ^^ .12 + ^^ 40^1 0 

Soluble in alcohol. 

This change is illustrative of the depolymerisation ensuing in 
the sweating (^f i*esins. Turfxmtine absorbs bromine and chlorine 
very readil3^ and the bromine niiinber of good turpentine is 
21.7-230 ; iodine is not absorbed directly, but when it is made to 
react the ter])ei\e molecule is destroyed, with the production of 
hydriodi(^ acid and other products. 

An important changf' occurs when turpentine is heated with 
alcohol and dilute sulphuric acid ; a monocycliii terpene tertiary 
alcohol, ter])incol (b.p. 110° 0.) {vide p. 181) is obtained. Terpineol 
is a good solvent for r(^sins, but its presence in varnish mixings 
encourages surface condensation and bloom (cf. Bloom). It has 
been synthesised, together with dipentenc and terpine (a dihydric 
alcohol, C^joHgoOg), by W. H. Perkin, junr., from a hexahydro- 
benzoic acid derivatiye. 

With reference to the thermal decomposition of turpentine to 
yield isoprene, CgHg, and toluene, S. A. Mahood^® states that the 
yield of isoprene from gum or wood turpentine does not exceed 
.5 per cent, and the conditions are not favourable to give remunerative 
quantities of isoprene and toluene for the preparation of synthetic 
rubber. • 

Estimation of Turpentine.— The great demand for turpentine 
and the vark ty of substitutes render necessary a careful control of 
the purity of thi- spirit, •Each country has its own 8}iecification 
(often each (kivernment department). The proposed specification 
by the U.S. Bureau of Chemistry has been given ofi p. 180. 
The British St^indard Aircraft Specification (X. 21, July 1921) for 
turpentine for aircraft material is a^folli^ws : 

f Description . — ^Tho material shall be genuine refined turpentine 
of good colour, free frohi water and other visible impurities; 

Residue . — ^The amount of residue determined by evaporating 
10 c.c. in an evaporating dish (approximately 4 in. in diameter by 
H in. deep) on a bath of boiling water, and subsequently heating 
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for a period of two hours at 100° C. (212° F.), shall not exceed 2 per 
cent by weight, and shall be wholly organic anti free from tackiiltess. 

Specific Grmnty. -'We. specific gravity 15*5° C. (60° F.) shall be 
not less than 0-860 and not more than 0*880. 

Flash Point . — The flash point (Abel's close test) shall not be 
less than 90° F. (32° C.). 

Distillation . — When 100 e.c. of the material are distilled in the 
standard distillation a[>paratus (ikitish Standard S}>ec. 21). 15) at 
a rate of 3-4 e.c. per minute, not less thaTi 90 c.e. shall distil 
below 175° C. (347° F.) at 760 mm. jwessure. The boiling point 
shall not be lower than 150° C. (302° F.), taken immediately after the* 
collection of 1 per cent.* 

Refractive Index . — The refractive index for the D. line shall be 
between 1*468 and 1 -478 at a tem])erature of 20° C. (68° F.). 

Polymerisation.— The amount of residue left after ]X)lymerisation 
shall not exceed 6 per cent, and its refractive ind(‘X shall not be 
less than 1-50 at 20° C. (68° F.). The polymerisation test shall 
be carried out as follows 40 c.c. of concentrat(‘d sulphuric acid 
(s.g. 1-84) shall be placed in a suitable graduated vessel and the 
whole immersed in iced water. 10 c.c. of turpentine shall then be 
added slowly and gradually ipixed with the acid, care being taken 
that the temyierature does not rise above 60° C. (140° F.). When 
the mixture no longer warms uf) on shaking, the whole shall be 
thoroughly agitated and the vessel placed in a waUu’ bath and 
heated to between 60° C. and 65° C. (140°-149° F.) for ten 
minutes, the contents being thoroughly mix(‘d by shaking 
vigorously five or six times during this ])eriod. The vessel should 
be kept unstopyjered during this operation. The vessel shall then 
be cooled to room temperature and allowed to stand for twelve 
hours. The residue shall be washed, the amount determined, and 
its refractive index taken. 

This polymerisation method (Armstrong's) has be^en modified 
by the writer to overcome the difliculty of separation of the products 
when the turpentine sami)le (contains white sjnrit.^^ 

Marcusson and Winterfeld ” have put forward a method of 
estimating the amount of petroleum and aromatic hydrocarbons 
present in a sample of turpentine substitute containing turpentine. 
Into a 100 c.c. flask provided with a long neck, graduated in c.c., 
30 c.c. of fuming nitric acid (s.g. 1 *52) are poured and cooled to - 15° C. 
by ice and 8(^Jt. By means of a dropping jEunnel 10 c.c. of the 
turpentine under examination are allowed to drop very slowly into 
the nitric acid. The greater the quantity of petroleum spirit present, 
the quickfer may the turpentine be introduced. About half an hour 
to one hour is required, according to the purity of the sample. The - 
mixture is allowed to stajid aJ quarter of an hour in the freezing 
mixture and the flask is filled, up to the mark with concentrated 
nitric acid (not fuming), previously cooled' to - 10° C., until any 
solid separation has been driven out of the neck. The bulb must 

* War Office Specification (1920, C.W.D. 408) for turpentine requires 70 
per cent at or below 160^ C. and not \^id than 90 per cent at or below 170’’ C. 
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remain the whole time in the freezing mixture to avoid secondary 
reaictions. The volume of the residue (petroleum) is shown in the 
graduated part of the flask to about 2 per cent accuracy. The 
contents are now transferred to a separating funnel and the lower 
nitric-acid liquid is withdrawn and poured into 150 c.c. water. 
Evolution of heat occurs and more or less oil separates out, according 
to the amount of the ixitroleum spirit. The aqueous liquid is heated 
for a quarter of an hour on a boiling water bath and in a fume 
chamber to bring the I'csiri from the turpentine completely into 
solution. After cooling, 100 c.c. ether are added, the water layer 
is withdrawn, taid the ether solution is w’ashed several times with 
water, then with 10 per cent of alcoholic potash (10 per cent alcohol), 
and finally with watt^r. After drying tht^ ether with calcium 
chloride, it is carefully distilled off and the residue weighed. The 
residue is a red-brown oil possessing the aromatic smell of nitro- 
compounds. The weight of the oil is divided by 1-15 to obtain 
the volume of the nitro-products of aromatic and cyclic hydro- 
carbons, and this volume is .added to the volume of the oil insoluble 
in nitric-acid fluid obtained above. * 

The disadvantages of the method are the violent reaction with 
nitric acid and the use of ice, mon'ovwr, the separation of the benzol 
from petroleum is incomplete, owing to the solubility of the nitro- 
compounds in petroleum hydrocarbons, whilst many petroleums 
contain appreciable amounts of aromatic hydrocarbons. 

The polymerised product of turpentine is colophene and the 
volatile unpolymerised is cyrnene. 

Another method for the estimation of turpentine has been put 
forward by Tausch,^^ which is based on the oxidation of turpentine 
by mercuric acetate. When pure turi)entine is heated under a 
reflux condenser for three hours with mercuric acetate and methyl 
alcohol and then steam -distil led, no trace of turpentine is found in 
the distillate. The method may be used quantitatively, and the 
mercurous acetate formed may be collected, transformed into the 
chloride, and weighed. A blank expe^riment may be done with 
pure turpentine. 

Salvatcrra suggests three suitable methods for the estimation 
of oil of turpentine : • 

(1) Tausch’s method, using mercuric oxide, 80 per cent acetic 
acid and methyl alc(jhol. Tlje mixture is heated on^a water bath 
for two or three hours and* then steam -distilled. 

(2) By the action of hydrobromic and bromic acids at 20°-25° C., 
whereby the turpentine is rendered non-volatile in steam. If wood 
turpentine (Kiqpol) be present, it is advisable to use a little more 
hydrobromic acid. The method is uflsuiteble if tetrahydronaphtha- 
lene (tetr aline) be present. 

(3) By treatment of*the spirit with iodine and mercuric chloride 
in alcohol, and keeping the mixture cool and in the dark for six- 
houts. After addition of* a concentrated solution of potassium 
iodide and excess of sodium thiosil^phate, the solution is neutralised 
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and finally distilled in a current of steam. The volatile impurities 
in the tur|}entine are found in the distillate. By the first method 
wood turpentine to the extent of 10 fuir cent is volatile in steam, 
but not in the second and third methods. 

For the detection and estimation of coal-tar oils reference may 
be made to a paper by Grotlisch and Smith.*^ 

Pine Oil. — The term “ pine oil ” as now understood is the heavy 
oil obtained from the fractionation of crude steam-distilled wood 
turpentine. When the trunk, stumps, and roots of the pine have 
been allowed to remain on the ground for a number of years and are 
then steam-distilled, there are obtained certain heavier oils formed* 
by oxidation and hydrolysis of th(* terpenes as th(5 rt‘sult of exposure 
to the atmosphere. To these heavier oils, which are volatile in 
steam, the term ‘‘ ])me oil ” is ])roperly applied. It is the inter- 
mediate product b(‘tween tur])entine and rosin obtained on the 
destructive or steam - distillation of ])ine wood, and is the heavy 
oil obtained on the fractionation of criuh^ steam -distilled wood tur- 
pentine. Good quality pine oil has a pleasant aromatic odour, but 
when of inferi()r quality* it cannot be used for indoor work on 
account of the iX'rnicious odour of the empyreumatic compounds 
which it contains. ' In paint K>r varnish mixings it flows out well 
under the brush, because of its comparative low volatility. It is 
a powerful solvent for resins and will hold them in solution in a 
varnish mixing. It has strong penetrating properties like solvent 
naphtha, and when used in an exterior paint serves to carry the 
pigment into the pwes of the wood to produce a firm foundation 
coat.^^® \Pine oil has the power of retaining a small quantity of 
water, and it is dehydrated with difficulty. It contains a high 
percentage of terpineol, CjoHigO, from which terpine hydrate, 
CjoHaoOg HoO, can easily be obtained. Terpine hydrate is also 
a ready solvent for resins.^® Owing to the high-boiling fractions 
present in pine oil it is with difficulty removed from a paint or 
enamel by steam distillation. 

Water- WHITE Pine Oil 

Specific gravity at 15-5'’ C., 0’J>383. 

Acid value, 0*27. 

Iodine value, 124*4. 

Flash point, 176'^ F. 

Loss on heating on the water bath at 100'’ C. for 9 hours, 98*7 per cent. 

Loss on evl^poration at 66'’ F. (2 houm) 24*6 p^** cent, (32 hours) 90 per 
cent. 

Fractional distillation dt 100® C., 2 per cent; 174®- 194® C., 7 per cent; 
194'’-205® C., 18 per cent ; 20r)®-208® C., 28 per cent ; 208®-210® C., 63 per cent; 
210°-213° C., 88 per cent ; 213®-216® C., 94 per cent ; 216®-218® C., 98 per cent ; 
218® C., 99 per cent. 


Ultimate analysis : 

Carbon, 

Hydrogen. 

Oxygen. 

Pine Oil . . . . “ 

. 79 

11-2 

9*8 

Terpineol requires 

. 77*85 

* 11*7 

10*38 , 

American Turpentine (C,oH,<,) 

. 87*7 

12*1 

. , 

Wbod Turpentine 

. 86*7 

12*1 

2-2 

(Tabub. 
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Turpentine Substitutes. — ^With the steadily rising price of 
turpentine and the prospect of shortage in America unless the 
cultivation the pine forests in that country is methodically 
organised, it is only natural that substitutes for turpentine will 
be welcomed. The requirements for a good turpentine substitute 
are solvent power equal to that of turjientine and ecjually rapid 
air-drying, leaving little greasy non-volatile residue ; the smell must 
be pleasant and resemble, as much as possible, that of turpentine ; 
the flash point must ho above 73° F. to conform with transport 
requirements. As far as possible, the rate of evaporation of the 
substitute must correspond with that of turpentine and, if thq 
substitute be a blend, the less volatile components must have a 
solvent power for resins and oils equal to that of turpentine. This 
is a point which is often overlooked in the choice of a turpentine 
substitute, and has done much to render them unpopular. If the 
more volatile part of the substitute is a better solvent than tlie rest, 
then on its evaporation there may be left a film whicli is not homo- 
geneous and may show pinholing and pitting due to separation of 
particles of the components of the varnish. 

: The basis of turpentine substitutes is essentially a })etroleum 
blended with turpentine in varying amounts. If a petroleum could 
fulfil the above requirements, the use of turpentine would be un- 
necessary. 'The petroleums arc generally not such good solvents 
for resin-oil mixings or metallic driers, nor have they the same 
viscosity and flow as turpentine.- Certain natural petroleums 
have a solvent power as good as turjxintine, but th(dr thinning 
powers are greater, which is a disadvantage ; moreover, when used 
in conjunction with other varieties of j)etr oleum they are liable 
to defects already referred to, in that they are more volatile, 
with the result that pinhole structure of the film may appear. 

The petroleums arc so varied in comj)osition that for comparison 
volatility tests only are carried out. Generally the presence of 
aromatic hydrocarbons tends to improve their solvent power. 
There would appear to be no definite evidence that turpentine 
assists the catalytic oxidation of the gum-oil mixing. It is also 
incorrect to state that any kind of turpentine substitute would 
cause “ bloom ” in varnishes. It is probable that the slight greasy 
residue of oxidiseci turpentine facilitates the retention of resin in 
solution in the film, because resins are more soluble in oxidised 
turpentine l^an in turpentine. ^ 

From the experience of the 1906 Test ifence of North Dakota 
Experimental Station,* the substitution of petroleum for turpentine 
does not give the same results asVhere turpentine in moderate 
amounts is used, f Friend (loc. cit.) found that,,f 9 r paints on iron, 
turpentine and petroleum mldia are equal as to the durability of 
the coating. ' 

'Wliite Spirit. — The specification for w^iite spirit,^’ given below, 
may be taken* as the most recent for British requirements. This 
specification covers, the requirements* of white ‘Spirit for use as a 
turpentine substitute in thinnipg paints and varnishes. 
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Description. — The material shall be wholly a petroleum product. 
It shall be water-white, clear, free from water and other visible 
impurities ; also free from objectionable odour. 

Specific Gravity. — The specific gravity shall not eicceed 0-800 
^ 60° F. (15 5° C.‘). 

Flash Point. —The flash point (Abel’s close test) shall not be 
less than 75° F. (24° C.). 

Distillation. — When 100 c.c. of the standard material arc distilled 
in the standard distillation apparatus (sec British Standard 
Specification 21 >, 15) at a rate of 3-4 c.c. per minute, not less 
than SO c.c. shall distil below UK)° C. (374° F.), and not less than 
90 per cent beknV 200° C. (392° F.) at 7()0 mm. pressure.* 

Freedom from, Grease. — No grease spot or mark shall l)e visible 
on the papcM* when 3 or 4 c.c. are allowed to fall on a sheet of 
ashless white filter jiaper, 20 cm. by 20 cm., and the paper is freely 
exposed to the air for one hour at a temjxTature not exceeding 
60° F. (15-5° C.). 

Residue. — The amount of nvsidue determined by evaporating 
50 c.c. in a shallow evaporating dish (approximately 4 in. in diameter 
by 1 ^ in. deep) on a bath of boiling water lor a period of four hours 
shall not exceed 0-2 per cent by weight and shall be wholly organic. 

Neutrality Test. — When 10 c.c. of -the material are shaken with 
10 c.c. of distilled water and methyl orange indicator is added to 
the aqueous layer, no acid reaction shall be shown, but when one 
drop of N/IO sulphuric acid is added the indicator shall show a 
perman(‘nt pink colour. 

Freedom from Sulphuretted Hydrogen. — ^The material shall give 
no reaction for sulphuretted hydrogen when tested by the method 
described as follows : 

^Method for Testing for Sulphuretted Hydrogen. — 50 c.c. of the 
material shall be shaken in a clean stoppered vessel with a small 
quantity of a solution of lead acetate. The lead acetate solution 
shall not become coloured. 

The presence of sulphur or sulphides in a petroleum substitute 
may be defected by the copper strip test : Place a piece of 
polished sheet copper, 2 in. by J in., in the bottom of an ordinary 
porcelain dish. Add 25 c.c. of the thinner under test and place 
the dish on an actively boiling steam- bath until the volatile part 
has disappeared. If the thinner contains elenfbntary sulphur the 
copper 'w ill be coloured grey or black.^® 

Coffignier rccomjnend^ the following fractionation values for 
white spirit : , 


70°. 100° C. 


Ver cent. 

o-i® 

160°- 170° C. 

Per cent. 

35-36 

100°.130° . 


1-52 

170°-180° . 

18-6-26 

130°-140° . ' 

• 

10-17-6 

180°- 190° . 

10-17 

140°. 150° . 


31-48 

19O°-2O0° . 

0-7 

150°- 160° . 


66-5-69 




A high-grade white spirit gives generally between 5 and 10 pei 

• War Office Specification (C.W.D. 406) for white spirit for use in painf 
and for cleaning shell requires 80 per ce«t distillate at or below 200° C. 
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cent* non-volatile material above 200° C. (cf. Standard Tests for 
Paint Thinners other than Turpentine 

It will be evident that from the above figures the rate of evapora- 
tion will crfmpare very unfavourably with that of turpentine on 
the application of varnish. If th(‘ thinner contains too high a 
percentage of light spirit there will be a tendency for the varnish 
to drag with the brush. In that respect tetraline has much to 
recommend it, as 4 |3cr cent boils over between 150° and 200° C., « 
and 96 per cent between 200° and 206° (1 (f.p. 78° E.), but it 
is a slower spirit than tur|xmtine. Borneo spirit containing 
aromatic hydrocarbons has a much more uniform fractiona- 
tion, which improves as the jwreentage of xylol content increases* 
The estimation of the aromatic hydrocarbons can be effected 
by fuming sulphuric acid in which the paraffin hydroc^arbons are 
insoluble. 

For the details of estimation of petroleum in turpentine further 
information can be obtained from Lunge and Keane, Technical 
Methods of Chem. Analysis, part i., vol. 3 ; also Chem. Zeit., 1918, 
42, 349, and ISalvaterra {loc. cit.). 

Solvent Naphthas, —These are fractions in the distillation of 
coal tars and consist of liquids containing %olid hydrocarbons. • 
Their odour and toxicity have limited their general use, except 
in special oases of stoving coatings. The fractionation range is 
very varied from that of lienzol (s.g. 0*88, b.p. 81° C.), with toluol 
and xylol, to heavy benzol and solvent naphtha, boiling between 
130° and 175° L. 



F.P. 

Benzol. 

Toluol. 

Xylol. 

Higher 
Horaologucs 
of Benzol. 

Tlenzol (90 per cent) ♦ 
Benzol (50 per cent) . 
Benzol (heavy) . 
Solvent Naphtlia 

below 73° F. 

above 73° F. 

84 

43 

13 

40 

5 

3 

11 

5 

if 70 

1 35 

95 

25 

66 


Coal-tar oil (s.g. 0*942) contains 66 per cent boiling between 
80° and 160° C., ^with 20 per cent distilling over above that 
temperature, and leaving a solid residue. 

For the estimation of xylol in solvent naplitha, Spielmann and 
Jones statii that 100 c.c. solvent ITaphtha ^ave by their method 
22*1 per cent (b.p. to 1 138° C.) and 69*7 c.c. between 13^ and 
170° C., i.e. 63 per cent xylol and paxaffin, of which 8 per cent was 
shown to be paraffin, making the total percentage of xylene to be 
55 per cent, y The solvent properties of xylol are excellent, and ' 
although there is a prejudice against its general use in varnish 
making," no doubt this will be overcome if proper precautions are 
■t&en*with res^ject to its blending and use, so that it promises to 

* Tbe^term 90 per cwnt benzol means that 90 per cent of the spirit will 
distil oyer below 100° C. 
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be of vralue.- ’ It is not advisable to apply it on undercoats vVhich 
have not dried properly ; otherwiKO its great solvent properties may 
soften them. There are, however, many other defects which arise 
from application of a varnish on a soft undercoat of paint or varnish.' 
Due consideration must be taken of the deleterious effect of aromatic 
hydrocarbon vapours on the human system. According to some 
authorities the action of turj)cntine vapours is by no means in- 
nocuous, but this is not generally accepted. 

It must be remembered that b(‘nzol products contain small 
quantities of thiophene (('(5H58H) and carbon disulphide. For the 
detection and estimation of sulphur in petroleum see Marcusson 22 
land Herzfeld.“'* < Francis and Crawdord^ state that the best method 
of detection of sulphur compounds in jjctroleum is by heating 
with sodium, and after treatment with water and neutralisation 
with hydrochloric acid, the addition of p-aminodimethylaniline 
sulphate and ferric chloride gives mt^thylcne blue. Fusion with 
sodium peroxidt^ is stated to give accurate quantitative results, 
but B. Blount considers that estimation by the Carius method 
is the most reliabk'. 

(k)al-tar oil contains, in addition to behzol with its homologues, 
naphthalene and tar spirit. 

Tar Spirit. — Tar spirit is a valuable solvent spirit in black 
8to\dng japans, because of its ])ower to hold in solution polymerised 
resins, oils, and metalli(J driers. Its colour, unpleasant smell, and 
low volatility render it undesirable in air-drying varnishes. It 
is obtained from the middle or cr<*osote oils in the distillation of 
coal tar, and is essentially of a phenolic character. Its composition 
is very variable. The specilic gravity may vary between 0*94 and 
1 *037, and its acidity between 27 and 1 16. On distillation a sample 
of tar spirit may give 18-25 per cent distilling over below 180° C. 
with a s|^cific gravity of 0 86. Below 270° C. .54*5 per cent may 
distil over with a specific gravity 0*93, leaving a residue of a viscous 
liquid amounting to about 20 per cent. ^The acidity is sometimes 
reduced by treatment with alkali before being employed • as a 
solvent in a black japan.' 

Tetraline.- By the hydration of naphthaleneat 150° C. with a nickel 
and copper oxide catalyser, fluid hydrides of the hydrocarbon are pro- 
duced. Tetraline (CjoH^g), the tetrahydride of naphthalene (CjoHg), 
has a s.g. (15° C.) 0-977, b.p. 150°- 206° C., and f.p. 78° C., with 4 per 
cent distilling over between 150° and 200° C., and 96 per cent from 
200° to 206° C.* ! Blemled witlj^petroleum and turpent^e, it gives a 
substitute which is satisfaciJory for colours and yields a hard film.^ 
/Tetraline has been recommended in Germany as a turpentine sub- 
stitute\27 ( It is stated that 2O,(10O tons of tetraline were useS in Ger- 
many in 1920, laj’gely as a substitute for turpentine in boot polishes! 
A disadvantage of tetraline is that Vhei used in white enamels 
a reddish discoloration is produced in the film, which is not due 
solely to the presence of a basic white pigment, although it is not 
so marked when lithopone is used. The cause is «aid to be due 

* The absorption of oxygen* proceeds rapidly in’ the presence of basic 
substances. * 
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to th6 oxidation of the resin present, and retardation of the dr 5 ring of 
the film seems to inhibit its occurrence. Zinc oxide enamels may bo 
thinned with tetraline, if not too much resin is present, and if the 
oil has been -previously treated so that it will dry to a hard glossy 
film without containing resin Another cause may be the oxida- 
tion of manganese driers in the presence of tetralim^ to give traces 
of a pink manganese compound. Owing to its solvent action on 
linoxyn it will soften undercoats of paint or varnish. 

Dekaline. — The dekahydride of naphthalene, dekaline, has been 
put forward as a tur[)entine substitutci. 

lVd<aline (Cj„Hig) resembles turpentine in its yu'operties more 
than tetraline. It evaporates more rapidly than tetraline ; it. 
does not dissolve linoxyn and does not cause any softening of the 
undercoat. There is no reddish discoloration when used in white 
enamels. It dries more slowly than turpentine and possesses a cam- 
phoraceous odour. A mixture of 70 per cent of turpentine and 30 
per cent of dekaline possesses the smell of tm pentine. At present 
tetralim' and dekaline must be looked upon as war substitutes, as 
their prices arc too high, except in (xermany, to compete with 
American or French turpentine. The solvent ])roperties (;f tetra- 
line and dekaline for resins and oils are better than turpentine,^® 
although it is stated that dekaline is practically ecpiivalent to tur- 
pentine in solvent power. E. Meier gm‘s the following eom}>arison 
of tetralin(‘, dekaline, and turpentine ; 



Specific 

Gravity. 

fGasli 

Point. 

Evai)oration 
per minute. 

Tetraline, b.p. 2()5’-207° C. . 

0-975 

78“ C. 

014 per cent 

Dekaline, b.p. 185"^ C. . 

0-900 

60" C. 

0-58 per cent 

Turpentine 

0-87 

32“ C. 

0-58 per cent ♦ 


■ Coinpart* also S. Smith, €}u'm. Trades Journ., U)20, 253, an<l N. lloaton, Journ Oil and Col, 
Chem. Assoc., Ih23, 39, Xo. Hi), 

• Piice in (Germany, 31/3/22, 19-30 M. per kc. Both dekaline and tetraline are iaigely 
used in boot polisiies. A mixture of tetraiino and deloiline (1 :4) is known us tetraline extra. 

Other Varnish Solvents. — Mention must be made of a number 
of other liquids which are used as varnish thinners. Methyl and 
ethyl alcohols, ether, acetone, and carbon tetrachloride have been 
already refelred to, and in connectioiy, with? cellulose varnishes a 
series of alcohols, butyl alcohol, amyl alcohol (fusel oil), and^esters, 
e.g. methyl formate and amyl acetate, will be discussed later. 
Nope of the above are used in oil varnishes. 

( Chlorinated Hydrocarbons . a series of chlorine deriva- 
tives of ethane and ethVlene have found limited use in certain 
varnishes, because of their good solvent projK^rties and their unin- 
flammable and non-explosive vapours./ They have been employed 
as dop© Bolvenls, but the slow poisonous action of their vapours 
has made it impossible to continue thefr use. 
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Dichlorethyleno CaHjClg 
Trichlorethylene C 2 HCI 3 
Tetrachlofethano OaHaCI^ 
Tetrachlorethylonc CjCl^ 
Pontachlorothaiie C 2 HCI 5 
(Peiitalino) 


B.P. Sp. Gravity. 

56‘' a 1-25 

88 ° C. 1-47 

147° C. 1-60 

121° C. 1*62 

159° C. 1-70 


Tetrachlor(‘thanc \h t>btaiiif(l by the action of chlorine on 
acetylene in the pn^sence of antimony jxmtachlorifhi. The union 
of elilorinci with acetyl<‘ne is never free from danger, and the acetylene 
and antimony ]X‘ntachloride compound is treated with chlorine and 
Acetyleiu^ alternately.'^^ Tlie other chlorine derivatives are formed 
by the action of slaked lime on tetrachlorethane or by further 
chlorination. 

2 (CHCL + (;a(()H).> ^ 2(CH(^I : CClo) + (^aCl., 1 2H2O 

CHCl - (JCL;+ CU - (Mi\ - (X^l3 
2((1HCl2 + Ca(()H - 2((X3l2 : CCl.,) 1- CaClg + 2H2O. 

Their action on metals is described Ky Gowing-Scopes.®^ Di* 
chlorethylene appears to have the least action, but in the presence 
of water its action is stimulated owing to the jiroduction of hydro- 
chloric acid. The same aiitbor sho\^^s that resins are not easily 
soluble in thesis elilor- derivativi's. 






CJiCI,. 

C2CI4. 

KoBin 

(-opal 

Kauri 
Dammar . 

very .sol. 
up to 7% 
20 % 
20 % 

very aol. 

i% 

1% 

7 % 

BOl. up to 7% 
iiisol. 

1% 

20 % 

sol. to 7% 
up to 7% 
1 % 
20 % 

only 1 % 
up to 7% 
1 % 
20 % 


They would bt^ of little use in oil varnishes, and present no great 
superiority, with only a few exccjitions, over cheaper and harmless 
solvents. They arc: good solvents for acetyl celluloses. 

Monochlor- (b.p. 132° 0.) and dichlorbenzol (b.p. 172°-179° C.) 
have been proposed as special solvents, but their strong physiological 
action is unfavourable. They are stated to give slightly matt 
in spirit varnishes. Cyclohexanxyl (Hexaline), CgHiiOH, b.p. 160° C., 
f.p. 68° 0., and ^-metk\jlcyclohexam>l (Heptaline), CH3 • CgHioOH, 
b.p. 170°-180° C., f.p. 66° 0!,.inaiy be used as special soh^nts instead 
of turpentine.®® Hexaline is obtained by thi^ catalytic reduction of 
phenol, which loses its phenol^ properties through the introduc- 
tion of hydrogen into the hydrocarbon ring. Heptalinc' is obtained 
by the reductiorp of cresol. It is stij-ted that manila and kauri 
copals are easily dissolved by hexaline and heptaline, and are not 
precij)itated on addition 9f linseed oil. Metallic salts of fatty and 
resin acids, likewise acetjd cellulose and rubber, are also soluble, 
but their most remarkable property is that of solubility in aqueous 
soap solutions and iheir power to absorb other solvents, e.gf. benzol 

0 
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and benzine, 'when in that condition.^ Cyelohexanol and cyclo- 
hexanone ar(‘ good solvents for Japanese', lac.* 

Fusel 0?’/. -The prodTiction and properties of propyl, isobutyl 
alcohol and f/-ainyl al(H)hol and isoainyl alcohol, the whole con- 
stituting the fusel oil from potato and grain spirit, are fully described 
in Monier- Williams' Power Alcohol and in H. Wolff’s Die lAmngs- 
mitlel (ler Fette, Ole, Wachse n. liarze, and only those (;haracteristicB 
which are of interc'st to the varnish maker may be mentioned. 
Fusel oil boils betwc'on 90'^ and 132'' (\, a<a-ording to its grade. 
As a solvent for transparent bleached lac it has the property of 
imparting good flow on tlu* work, and owing to its slight affinity 
for water the la(;(juer (ilms dry clear at the ordinary tem])eratnre, 
in contrast to the milky app(‘aranc(' w hen a more volatile hygroseopii^ 
alcohol is used, it must be pointed out that care must be taken 
in using the alcoliol as a solvent, as th(^ va])our, if in a coneentrak^d 
form, has toxic ])rop(irties. Its acetic? (‘ster, amyl acetate, is an 
excellent solvent for nitro-ccllulosc, and mixes fri*ely with all oils 
and fats, and with organic; solvc'uts generally. It boils between 
110° and 150° (J., depenejing on its cpiality, and its va])our has no 
deleterious elTects when proper ])i‘ecautions are takcui. 

Hemline Acetale has bc'cn ]>ut forward as a substikite for amyl 
acetak; ; it is less volatile, and a bc'tter solvent. 

Methyl and Ethyl Formates arc; of intc'rc'st only as solvents for 
acetyl cellulose. 

Acetone is arc c;xc;ellc'nt solvc'iit for oils and fats as Avell as of rcisins. 
It exercises a great sofkuiing action on a ckiial varnish film, and 
enk;rs largely into the eoinjarsition of varnish removers. Although 
fatty acids are soluble, thc' alkali salts of the; solid acids (esj)ocia]ly the 
potassiu m salts) are only with difficulty soluble. Fachini and Dorta 
make use of this property to separate solid from liquid fatty acids. 

• Acetone Oil is the residue left in the rectification c:)f acetone, 
and consists of ketones of variable com])osition. Mcthylethylketone, 
CHgCOf/HgCHg, is c'ontainc'd in the colcmrlc'ss fraction (b.p. 70°-120° 
C.). The heavier oil (b.p. 120°-250° (J.) is of a yellow colour and 
only slightly soluble in water. The high solvent power and alow 
evaporation rendc'r it useful in the varnish industry for special 
preparations, but it is apt to be variable in its behaviour, and its 
rather unpleasant cjdour doc's not make it ])c)pular. It would seem to 
bearthesame relationship toa(;etone that fusel oildoes to ethyl alcohol. 

Physiological Action of Varnish Solvents. — In addition to the 
properties o^ the substances dc'scrfbi^d in t’lis section, it is most 
important to consider w^iether their vapours will have any deleterious 
action on the hc'alth of the workers, In a lc;cture delivered before 
the Royal Society of Ai'ts (1921) on Industrial Diseaseand Immunity, 
Sir Kenneth Goad by stated that not only is the' direct action of 
the vapour to be consftlered, but also secondary diseases non- 
specific to the industry which may be induced by the occupation. 
His investigations showfxl that the usual painters’ colic, the acute 
attackrof abdofninal pain contracted by breathing the air of newly- 

* Cyclohexanone, CJHjoO, is a cyclic ketone and is an oxidation product 
of Ji^xalino. ^ 
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painted rooms, was due to turpentine poisoning, and is usually 
attributed to lead ])oisoning. Again, arterio -sclerosis resulting in 
increased blood pressure was a common disease among painters, 
although white-lead })ainters showed a lower blood pressure than 
those working with leadless paints. It would ap]>ear as if the 
vehicle which the painters use were a factor in the cause of the 
disease. T. Kingzett contradicts the statement as regards 

turf>entine for the followiTig rc'asons : The Sanitas Oo, in one 
particulai’ j>art of their factory have a numlxu* of oxidisers containing 
thousands of gallons of tur])(‘ntine (;onstantly in action, so that the 
air is fairly fully eharg(‘d .with tui*p(u>iine vapour, and yet during 
*a ])erio(l of more than forty years not one of the woikers has been 
known to suffer from trouble of any kind, neither abdominal troubk*., 
nor headach(‘, nor* suffering of any land. Tliis statenumt can be 
(^onfirnuMl by the writer from his knowledge of the conditions of 
a var nish thinning sho]>. 

One must distinguish IxdaviMm poisoning due to a high con- 
C(‘ntr*ation of vapour unth^r abnormal conditions and poisonous 
effects when small quantities of vapoirr ai*,e pr'csent in the air under 
ordinary circumstance's. No om* can deny that turpentine has a 
physiological action on the human system, but und(ir ordinary 
conditions, with |)r()])(*r prc'cautions as to ventilation and cleanliness 
on the part of the wor k(‘r*, ther(‘ are no ill effects from its use. The 
action of tur])(‘ntin(‘, on tlu^ whoh', is h*ss harmful than the other 
solvents employed in the varnish industry. With t‘efer‘enex‘ to 
turpentine substitutes containing petr*oleuin, good quality material 
is r*(‘lativ<‘ly harmless in a well- ventilated room. The ])resenee of 
ey(^lic hvdr*o(*arbons increas(^s the action of the petroleum, which 
acts essentially as a nerve poison, producing, when inhaled in strong 
concentration, ])aralysis of tin* limbs, h('adache. and unconsciousness. 
If by any chance an excess of vapour of tiirjicntine or petroleum 
has produced such sym])totns, then the first-aid treatment must 
be to bring the^ patient into the fresh air. In removing varnish 
from the hands fr(?sh turpentine or a good neutral white spirit 
should be list'd, but the hands must be carefully dried, especially 
between the fingers, otherwist* the skin is slowly destroyed and 
suppuration may ensue by continued contact of the spirit. 

Benzol is a nt'rvt* jioison like [M*trokmm, but is three or four 
times as strong, and at'ts also on the blood whilst crude benzol is 
much stronger in its jioisonous at^tivity. The statement does not 
, apply to vapours (>res(#it injovrconcentration. Of the^wo ordinary 
isolvents, turpentine and v lute spirit under proper conditions appear 
ito have no ill effect on the wqj*kman. With benzol, and ospecially 
crude benzol, care must be taken. 

In reference to the newer solvents^ tetraline, dekaline and cyclo- 
hexanol, more experience is requii’ed, although they are stated to 
be quite harmkjss.*® 

The chlorinated hydrocarbons are dangerous, especially tri- 
chlorethylene and tetrachloi’ethane. The vapour of f?etrachlorethane 
acts on the liver with fatal results, and although it is a good solvent 
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for acetyl cellulose, its use has been forbidden. Reasonable care is 
required in handling chlorbcnzol. Of the alcohols used in spirit 
varnishes, the vapour of methyl alcohol is dangerous and the use 
of wood naphtha requires very careful attention to the conditions 
of working. Amyl alcohol (fusel oil) may cause headache if the 
ventilation is inadeqiiate. Acetone and ether require similar pre- 
cautions. Carbon disulphide is especially dangerous, and its use 
should be avoided as much as possible. None of the substances men- 
tioned above, with the exception of carbon disui])hid(^, chlorinated 
hydrocarbons, and methyl alcohol, have serious effects on thti 
systmn, provided proper ju-ecautions be taken for ventilation and 
cleanliness of working. Much more thorough inv^‘stigation of the* 
physiological action of industrial solvents is desirable. It is often 
difficult to draw conclusions froin the results with animals ; cf. the 
difference in action of hydrocyanic acid on a dog and on a man. 
Moreover, the action dei)ehds on the adaptability of the individual 
and on the normal state of h(‘alth. It is of the highest importance 
that, before a new solvent be put on the market, a careful study 
be made of its jffiysiological effects, because the success of its use 
depends not only on the quality of the solution produced, but also 
on the inactivity of its vajiour on those who have to apply it. 
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CHAPTKR XII 

OIL VARNISHES 

A VARNISH may be defined as a liquid which dries by exposure 
to air at the ordinary or at a hig}u‘r teinperatiire to a more or less 
hard transpannit film, giving protective action or decorative effect 
to the surfaces to which it is a])plied. There are exceptions to 
the transparencies of varnishes, notably those known as Black 
Japans, their transparencies btdng apparent only in v(‘ry thin layers. 

Varnisht's may be classified broadly into three varieties : 

(1) Those which consist of a medium siniilai* to that of paints 
(e.g. linseed oil, or other drying oils, and thinners), the hardness of 
which may or may not be increased by the addition of certain 
other substances miscible with or soluble in drying oil (e.g. gum- 
resins, rosin, pitches) ; such varnishes are classed as oil varnishes. 

(2) Spirit varnishes, i.e. varnishes wliich consist of a solution 
of a resin in a volatile solvent or mixture of solvents with or without 
non-solvents. 

(3) Varnishes consisting of the natural products of a tree, 
drying by oxidation assisted by (mzyme action, e.g. Chinese, 
Japanese, and Burinese lacquers. In this class may be included 
certain oleoresins of the type* of balsams, suclj as Canada balsam, 
or Venice turps, which are natural products capable of drying in 
the air to give hard trans])aT*ent films. ^ 

Manufacture of Tami^ef. — Oil varnishes repre^nt the most 
important of the three classes referred t». For general purposes 
oil varnishes may bo said ho consist of four constituents, rosin, 
drying oil, a volatile solvent, and an accelerator of oxidation (drier) 
of the drying oil and to a lesser degree of ^he resin. These products 
“ dry ” to a hard film mainly by q^idation of the drying oil in it& 
semi-fluid union with ©the resin, assisted by evaporation of the 
volatile solvent. The application of a film or coat of varnish to 
a surface is don^ primarily with* a view to affording protection 
against atmospheric weathering,, wear and ^ar, etc. There are 

i»r 
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exceptions, however, when the main object aimed at is to confer 
decorative effect by giving gloss or enhancing the beauty of the 
grain of wood. For either jmrpose certain of the constituents of 
oil varnish fiave the same effect. In the piano trade the high 
gloss finish is greatly prized, and Frencli polishing has been largely 
replaced by varnishing, whereby after application of three coats 
of varnish, brushed or sprayed on, a highly polished surface is 
produced in a few minutes by nibbing over with a liquid supplied 
with the varnish. An American polishing oil consists of a non- 
drying mineral oil (motor oil), with a little pumice or rotten stone 
mixed in, which is rubbed on the varnished surface (thoroughly^ 
dry) with a felt pad or a short bristle stub and a round pound brush. 

As stated in a former cliapter, linseed oil dries to a tough elastic 
film, but neither its hardness nor gloss is suffunent for satisfactory 
protective action or for desir(‘d (lecorative eff(‘,et. The resin (the 
term comjuising “ recent ” and “ fossil ’’ resins) is on the other 
hand a body devoid for all })ra(‘tical imrjioses of elasticity, but 
generally hard, fairly resistant to atmospluuic efh^cts and there- 
fore stable, of high refractive index and hence conferring gloss. 

Although the mixture or combination of oil and gum in a varnish 
does not ])ossess the same high viscosity as it acjquires after oxida- 
tion or dr>dng, the uiioxidiscd lujuid is yet of such a viscous nature 
that it would be impossible of application without the addition 
of a diluent. This introduces the question of tht^ volatile solvent. 
The solvents usually employed are turpentiru^ or “ white spirit,” 
the latter representing a frat^tion of petroleum distillate having a 
flash point, mobility, and degree of eva])oration more or less approach- 
ing those of turpentine. Other diluents are used as turpentine 
substitutes ; shale naphtha, shale s])irit, petrol, solvtmt naphtha, 
from coal tar, etc., but on aee.ount of their unphaisant smell, low 
flash point, or other objectionable features, they find limited appli- 
cation only for special purposes. 

The question of the employment of genuine turpentine or its 
most popular substitute, ” white spirit,” has occupied the attention 
of varnish manufacturers to a considerable degree in recent years. 
On the whole, it must be considered that genuine turpentine is 
the most reliable solvent to obtain greater stability of a varnish 
mixing, to ensure easy application, satisfactory flow, and more 
reliable drying. Su?;h an assertion is based on the fact of the smaller 
range of distillation temperature of turpemtine (the petroleum 
distillate bein|; a mixture of hydroc^rbqns o6 near boiling points), 
its more familiar odour, rits good solvent power for resins and oils, 
which increases on exposure to air t and oxidation, and its very 
limited power of absorbing oxygon, which may stimulate to a certain 
degree the drjdng of the varnish film. In a previous chapter' 
(p. 188) reasons have kWn put forward for the preference for 
turpentine over other solvents, and it is wisp to emphasise them, as 
well as the fact of its more suitable viscosity and the slight solvent 
power •n the ffhdercoat, which some thinners possess to a high 
degree, whereby a sinking in of the coating is sometimes observed. 
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Coal-tar naphtha, known as “ solvent naphtha ” in the trade, has 
a greater solvent power for the usual components of a varnish 
than turpentine, but its unjdeasant odour and toxicity are re- 
sponsible for its general unpo])ularity as a tury)entine substitute. 
It must be pointed out that tur|K*.ntin(; (confers no mai'ked superior 
durability on the varnish him. 

The remaining constituent of oil varnishes is the drier or 
accelerator of oxidation. The mechanism of the action of driers 
has been referred to in an earli(‘r cha])t/t‘r, but it may be stated 
here that, of the metals known to poss(‘ss catalytic action in 
accelerating oxidation, only the compounds of lead and manganese, 
‘and of late ycifrs, cobalt, have found gc'iu'ral use. These driers 
are introduced (‘ithor as oxides, carbonabss, etc., or as tlu? metallic 
salts of an oil oi* r(‘sin acid. In the fornuM* case th(‘ high tempera- 
ture ncc(‘ssary for their solution results in a darkening of the 
linished product, so that the metallic “ linolcates ’’ or resinates ” 
find favour by reason of their sohd)ility at low tem])eratures.^ 

From tlu' foj(‘going it will be gathered that for all practical 
purposes the main constituents of the varnish film arc the vegetable 
oil and resin. The simplest type of varnish would therefore consist 
of a solution of common rosin in linseed oil, with the addition of 
a suitabki diier, rc'duccd to a working consistency with turpentine. 
Such a prej)aration would indeed constitute a “ varnish,” and 
it is regrettable to state that it has in the j)ast found a (H'rtain sale 
at the hands of unscru])ulous deak'rs. (-onsid(u*ation of the nature 
of th(^ non*^’olatile portion of such a ])rcparation will show its 
poor ])ro])crties and the results to Im‘ (‘X]H‘ct(‘d from its use in practice. 
Jn the first place the inert' fact of the ready solubility of rosin in 
linseed oil is such that amalgamation of the two will take place 
at •comparatively low temperatures, so that the linseed oil, having 
received no heat treatment to polymerise its glycerides to com- 
jiounds resistant to atrnosjiheric weathering, will on progressive 
oxidation show all the disadvantages of instability referred to in 
a former chapter. Moreover, the polymerisation of linseed oil is 
attended by an incrciasi' in refractiA^e index, and the gloss resulting 
from or conferred by the oil constitiu'nt in the varnish will be a 
minimum. The other cojistituent, rosin, possesses cjii'tain properties, 
e.gr. a tendeney to slow crystallisation of the fused abietie acid 
and th(^ production of a water-soluble variety, which render it 
unsuitable as a constituent of a varnish except under certain circum- 
stances. Moreover, i^ is unstable to atmospheric effect, being prone 
to oxidation, esj)ecially in a thin film, and its oxidation causes a 
reduction in weight and in j^ody, which latter effect ' results in a 
shrinkage of the surface apparent as cracking of the film. It has 
been stated that abietie acid gives peroxyacids capable of degrada- 
tion, although resenes (stable inactiv* bodies) are formed at 
the same time. Paul jloc. cit.) has found water-soluble modifica- 
tions of abietie acid produced from colophony, and also that some 

* The Bolubility of the “ro^nates” Ihcreases with tho resin acidity of the 
mixing. • 
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of the oxidation products are soluble in water. The low melting 
point, low refractive index, lack of toughness and hardness, and a 
tendency to powder when rubbed up, contribute to the general un- 
suitability ol ordinary rosin as a component of linseed oil varnishes 
except in comparatively small quantities. 

In a general consideration of the product which long experience 
has shown to be composed of those ingredients which go to make 
a satisfactory varnish, viz. linseed oil and suitably treated fossil 
gums, it can be demonstrated how the necessary properties of the 
finished varnish are contributed by the ingredients. In view of 
the great diversity of properties of varnish components, it will 
be understood that many are apparently latcMit, and in some cases 
it would seem as if the specific properties were not worthy of con- 
sideration. However, in distinguishing high-grade products the 
small differences in the j)roperties of the components become 
manifest, and the connection between composition and j)roperties 
is clearer. A preliminary word is neeessaiy on the subjet^t of the 
fossil gum or resin. On examining a sj)eeimen of a fossil guru such 
as African Animi, Congo^ copal or amber, its a])parent suitability 
as a constituent of varnish is at once evident in so far as its brilliance 
and hardness are concerned. Thus it would s(^em that the ideal 
varnish might be obtained, if the hardness and lack of elasticity 
of one of these fossil resins were k-rnpered by the influence of 
linoxyn from linseed oil. 

Unfortunately there is no means whereby such a blending of 
properties of the tvo substances can be obtained, as tlie fossil 
gums {with the exception of kauri) appear to be quite insoluble 
in or immiscible with linseed oil. The high degree of poly- 
merisation is considered to be the cause of their insolubility in 
linseed oil. However, depolymerisation of the gum, resulting* in 
complete solubility in the oil under suitable conditions, is obtain- 
able by a process of destructive distillation known among varnish 
makers as “ running.’’ In this treatment the depolymerisation 
is generally accompanied by a partial decomposition of the acids 
of the resins to yield anhydrides and rcsenes. The solubilised 
fused or “ run ” gum is, however, quite different from the gum 
in its native state, a considerable darkening in colour and a certain 
loss of hardness having occurred during the running process. The 
run ” product will have l)ecome soluble in linseed oil, whilst the 
hardness and high gloss conferred on the gum and oil combination 
will, under or<^inary conditions of pra^tiep, bear a direct relationship 
to the properties existing in the natural product. 

To understand the condition in which the several constituents 
exist, a brief account of the process of manufacture will be advisable. 
A description of the preparation of varnish on a laboratory scale'^ 
will serve as an introductibn to the large scale process. 

The first part of the process consists ii^ the fusion or running 
of the gum. Small pieces of gum, e.g. Congo, broken in pieces 
the size^of peas*, are sifted free from dust and mtroduced into a 
260 c.c. silica beaker. *:The gum should not fill more than one quarter 
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the capacity of the beaker, on account of the great amount of frothing 
which occurs during the running, v The beaker is heated over the 
free flame of a Bunsen burner, care being taken tliat ttie flame does 
not play above the height of the gum in the beaker; 

(The first effect of the heat will be to sinter together th(5 individual 
particles of the gum, the whole forming a treacly mass, whilst 
quantities of terpenoid vapours are evolved. As the heating 
continues, the fusion will extend to the slow^ heat-conducting particles 
of gum, until the treacly mass will have become converted into 
a viscous liquid. Considerable quantities of vapour are evolved, 
.resulting in mu(;h frothing, and a rise of the contents of the beaker, 
whilst tiui comj)letely fused gum will begin to collect as a liquid 
darker in colour than the unfused gum. The h(‘at is so regulated 
and vigorous stirring is continued that th(‘ maximum rapidity of 
complete fusion is obtained consistemt with adequate control of 
the frothing. After heating for about thirty minutes, dej)cnding 
on the nature of the gum, the contents of the btsiker wdll have 
become com])l(*t(dy fluid. Although the temperat\ir(‘ throughout 
the mass will be higher than at any previous stage in the operation, 
the head of froth will have considerably diminished. At this 
ix)int the appearance of a sample withdravra on a thin narrow 
metal spatula and allowed to fall back into the beakcu’ would indicate 
to the practical gum runner the state of completeness of the fusion, 
as obviously larger scal(‘ practice does not permit of inspection 
through the w'alls of the metal vessel used. At this stage the 
tenqH‘raturo will vary with th<^ nature of the gum, the hard(‘r 
resin (Animi, Congo) requiring a higher temperature than softer 
resins such as Manila, s The gum is now ready for the addition 
of the oil. /At this point the evolution of va])Ours, which is con- 
siderable, is res|)onsible for a loss of frwm 15 to 30 })ei’ cent of the 
weight of the gum taken, the degree of loss de})ending on the fossilisa- 
tion (age) and the hardness of the gum. There appears to be a 
more or less constant figui‘e for each class of resins representing 
the minimum loss in weight which must occur under factor}^ condi- 
tions before complete solubility in the linseed oil is obtained, but 
it is doubtful whether this statement is strictly correct, and it mil 
be criticised later. It has been proposed to check the progress 
of the operation by noting periodically the weight of the contents 
of the pot during fusion, but this is tedious ancf imreliabk\ 

I Under ordinary conditions of heating, too small a loss results 
in partial or even couplet# irtsolubility in oil, whilst^excessive loss 
results in reduction of hardness and darkening of colour of the 
finished product. The fused is, however, not so soluble in oil, 
as is the case with many other products possessing the same range 
of solubility in* different concentratien ; thus, if it be desired to 
make a varnish composed of equal weights of gum and oil,^ the 
addition of the whole of the oil at once would induce a chilling of 
the gum with a consequent lowering of temperature, and would 
Qjiuse its immediate precipitation.^ In practice oil is added 
hot, in small portions, until a te%t spotted oft glass shows a milky 
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api)earance on cooling, indicating that tht^ union of the gum and the 
oil is becoming iiKJomplcte. The temperature is then raised until 
a test sample shows by its clearness on cooling that complete union 
of the two has been brought about, when a further addition is made 
until th(^ whole of the oil required has been introduced. The 
remainder of the treatment necessary to convert the mixing into 
a finished varnish is the addition of a suitable volatile diluent to 
render the product easy of ai)plication. The acceleration of its 
drying powers is brought about by the introduction of a drier.' 

The viscous resin-oil substance is removed from the source of 
heat and allowed to cool to a temperatun; approaching that of the 
boiling ])oint of the solvent chosen, 1()0^’-17()° (/. in the case o^ 
American turpentine'. Addition of thiiUK'i* is then made, cart^ being 
taken that thorough stirring is maintairu'd during the addition so 
as not tf) eliill locally particles of th(^ ])roduct. The qtiantity 
required will de])end not only on the viscosity d(\sired for the finished 
product, but on the consistency of the varnish Indore addition of 
the thinner. The acc(‘Ieration of drying pro})ertics in the product 
is obtained, as already stated, by the addition of a compound of 
one or more of those metals which are used to promote drying 
properties in oils, such as lead, manganese, cobalt, etc. The 
catalyst may be in the form of an organic. com])ound of the metal 
soluble in the finished varnish, e.g. lead, manganese or cobalt 
linolcates, or rosinates, and may l)e introduced (dther after the 
addition of the thinner or by causing union of the metallic bas(^ 
of th(^ catalyst (diostm with the gum and oil at an elevated tem- 
|KU‘atur(‘ (2(i0'"-800'' C.) before the addition of th(‘. thinner. In the 
latter case the base combines partly with any free fatty acid or 
resin acid pr(‘.sent, and if in sufficiently large quantity may partially 
saponify the neutral glyceride of the oil. 

• Running of Gum. — The manufacture of oil varnishes on the 
factory scale differs in no material respect from the laboratory 
procedure described above. The fusion or “ running ” of the gum 
(see Fig. 25) may be performed in copper, aluminium, or ferro- 
nickel vessels of various shajxis and capacities (30-100 gallons). 
In some cases the pots have a sheet-iron body with copper bottom. 
The dimensions of an English running pot for a charge of 60 lb. of 
gum are 3 ft. high, 2 ft. upper diameter, ft. lower diameter. 
In England the chtfrge of gum per pot may be as much as 112 lb. 
or more, with corrt^sponding modifications of the dimensions (Figs. 
25a, 25b, and,25e). In America the*guvi ruB.ning pot for a 125 lb. 
charge is 3 ft. high and 3 ft. diameter. In IVance the pots are 
much smaller, and often contain only^a 6 kilos, charge of gum. 

^Harrison ^ has investigated the effect of the metal from which 
varnish kettles are made orj the colour of the ♦'products. The' 
experiments were on the ‘laboratory scale only with iron, copper, 
aluminium, and copper-aluminium alloy pots. Each pot was used 
in the preparation of heat-bleached linseed oil, bodied oils, rosin- 
' tung-liBBeed oil, and Congo-lirtseed oil varnishes. The products 
were graded in colo’ur to Lovibond tintometer inspection. (In 
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general the varniBhcs prepared in aluTniniuni kettles were the palest, 
those in ahiininiuni-eopper alloy pots were next in order, followed 
by those in copper, and the darkest werc from the iron receptacles, 
but the results were not strii^tly uniform. It is statcul that a 
cop])(U‘-aluminium alloy vessel corrodes less than a copper vessel 
on heating. With large aluminium pots the heavy walls prevent 
rapid cooling of the mixing, and large holes are frequently burnt 
through the bottoms of the kettles, due to the settling of the dirt 
which causes local ovtu’heating. The discoloration of the varnish 



Kkj. 2.'i. Onra njoltum i)ot (Eij«fis}i), wiOi cover. 

products is ])robably not duo entiri‘ly to the soAition of the metal, 
Imt partly to its catalytic action on the oxygen absorption of the oils; 

The statmuent tlutt thc^ polymerisation of tung c^l is retarded 
in aluminium pots cannot be accepted a^i correct. Experiments 
with pots of sili(;a, aluminiuiii -coated iron, and iron-sili»on alloy 
have been suggested. It is doubtful whether the results given 
above would bc^* confirmed on a fac%jry scale of operations. For 
durability copper or copper -iron pots are generally sujierior, and as 
to colour, this is more lively to be governed by the fact mentioned 
above than by the nature of the metal used, provided the temperature 
is not too high. , ^However, it mus^ be admitted !»hat aluminium 
pots give a paler varnish tfian copper or cop|>er-iron, but the life 
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of the aluminium pot is shorter. Copper-bottomed pots uith an 
aluminium upper part ought to provide suitable durability. In 
France, tinning has been tried without success, also nickel-plating, 



but this is ex])i^nsive and does not 
last well. 

The hearth on which the run^ 
ning is carried out consists usually 
of a hol(‘ in the floor of the “ mak- 
ing house,” b(Uieath whidi there 
is a gi*ale with a flue running 
underground, constructed so that 
an int(‘nse brig/it fire may be 
obtained .and tlK‘ prodiuits of com- 
))Ustion can be withdrawn (a)m- 
plct(‘ly. With iefcronc(‘ to the firc- 
])it, st<andardisation of dimensions 
is desirable for rapid replacement 
of the })ot and the fire hearth. 

In many t(‘xt-books on varnish 
technology, elaborate drawings are 
giv('n showing details of running 
hearths and ])ots or representa- 


FlG.25A.^-Srrtl()i.ofpiim mdtinepot. of gum melting TOOmS 


(Sabin, Technohxjy of Varnishes : 
“ Melting Room of th(‘ Murphy Varnish (h. at C'hicago ; Seligmann 
and Zieke : “ Moderne Schnudzaiilage von H. Sommer in 



Fio. Section of gum melting i)ot. 


Dtisseldorf ” ; Coffignier, Fabrication des' vemis gras: “ Ouvrier 
cuis«ntt les gommes ”). The kearth may be fed either from the 
outside or from inside the running sho^, and the fuel may either 
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coke or gas using special burners, or oil, as in boiler installa- 
tions where oil and steam replace, the solid fuel. It must be 
pointed out that the control of temperature during the heating is 
of importance ; too long fusion means loss of colour and hardness 
of the gum, insufficient sweating entails incoinjdete solution of the 
drying oil. Too fierce heating tends to unequal depolynuu'isation, 
so that ]>art of the gum is “ overrun ” and part “ underrun.’’ 
It is for this reason that c()k(‘ fires retained their ])opularity so 
long, as they were easily eontrolk^d by the skilled rumua- and 
generally e.ost l(\ss than gas lir<‘s. Nevertheless, the eonvenieiUie of 
gas and oil fu(‘is makes their us(^ very attractive, ]>rovided the 
Regulation of i(^nperature is satisfactory. During the running 
process th(‘ eonttmts of the ])ot are stirr(‘d vigorously by a special 



form of stirrer, and the condition of the gum is examined periodically 
by withdrawing a ]>ortioii by the stirrer and allowing the gum to 
fall back again into the ])ot. A form of hood is shown in Mg. 25 ; 
in principles it consists of a hospd hing< d suitably f>n to the fume flue- 
pipe and provided with a covered window for the introduction of the 
oil and a parti. dly (^ove^’t^d opening for the manipulation of the special 
hand stirrer. The making nouse itself coiii^sts of a cement-floored 
shed, well illuininatt‘d and furn^hed with as nigh a roof as pgssible in 
order to provide for the contingency of accidental ignition of the 
contents of the pet. The funu's given during the running process 
pass either to a fan or chimney shaft or alternately to a removable 
cover fitted with a delivery pipe leading to a fan and suitable con- 
denser installation. The* recovery of the fumes will be dealt with 
after the detailed description of the gum running, fn practice the 
operation of gum rilnning is iftually carried out by two workmen, the 



206 


VARNISHES AND THEIR COMPONENTS 


gum runner and liis assistant. A suitabk^ quantity of gum, usually 
112 lb. or more in modern practice, is weighed into a clean ])ot and 
the latter brought to the fire in the making house on a trolley or truck, 
occasional Stirling being resortetl to during the first or sint(uing 
stage of the fusion ; as licpiefaetion of that portion of the gum 
immediak'ly in contact with the bottom of the pot proceeds, close 
obsei’V^ation has to be made in order to guard against the danger of 
a sudden frothing of its contents. ; As tlu‘ gum ap]3roaches complete 
fusion, vigorous stirring is resorted to, until finally tho gnni runner 
judges the “ run ” aecom])lished by observing on the stirnT the 
fluidity of the nu'lt. i The time taken for a charge to be run d(qx*nds 
on a number of factors : (1) the iiatur(‘ of the gum ■ (2) the arnouni 
of the charge , (3) th(‘ mode of la^ating ; (4) th(‘ nature of th(! metal 
of tfu^ pot. (ienerally half an hour to an hour may be taken as 
the usual time. 

The behaviour of the gum during th(‘ swt'aiing has been 
adequately d(‘scrib(‘d in the laboratory experiment. The r(‘quisite 
quantity of oil is added either by the assistantr cautiously ]>ouring 
warm oil from a vessel lyiown as a “ jack,” not uidike a watering- 
can with an old-fashioned kc'ttlc spout, or in more modiun yirac^tice 
th(5 previously luaited oil is ])um])ed into an oviuhead tank fitted 
with a graduated gauge glass marked off in warm gallons, from which 
it is allowed to descend in a thin stream into tlu! gum ])ot, the 
contents being in tlu^ meantime vigorously stirred. Th(‘ oil must be 
add(‘d in jiortions at a temperature of not less than 'M){f F. 
After each addition the runner withdi’aws on his stirring rod a few 
dro])s of the mixing on to a glass j>late. If tlu^ sample cools to a 
clear film, it shows that incorjioration is satisfactory and more*, oil 
may be added ; if cloudy, the mixing must be lu'ated until a sarnple 
is bright when cold on the glass trial plate. Tlui amount of oil to 
he added will depend on the varnish required.? The addition of 
thickened linseed oil is generally made last, and the mixing finally 
heated until the hcxwl begins to rise, when it is quickly transferred 
to the adjoining shoj) to be cooled. It is quite* easy to incorporati^ 
run gum in thickened linseed oil with satisfactory results, and 
under special circumstances run gum can be incorporated with 
heated tung-oil to give stable mixings. 

Introduction of Driers. — The rules governing the addition of 
the driers to linseeU oil apply equally in the case of a varnish, so 
that the varnish maker has at his disposal the choice of several 
metallic compounds having different d^greesb of solubility, jetc., in 
order to produce the effects he aims at in the finishc'd product. 

To recapitulate, the common metals used as driers may be 
summarised as follows : Class 1, lead, iron ; Class 2, manganese, 
cobalt. Lead and manganese, may be added in the form of oxides * 
cobalt, manganese, and Idad may be conveniently added in soluble 
form as resinate, linolcate, or tungate. The use of iron as a drier 
is restricted considerably by the dark colour of its compounds, but 
when kitroduceCl it is usually a\!lded as umber (iron and manganese 
oxides) or Prussian bStic. Iron may also be introduced in the form 
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of a linoleate obtained by treatment of linseed oil acids with iron 
filings (\mh Oil Acids, Chapter V. page 01). 

A distinguishing characteristic of lead dissolved ip litiseed oil 
is its property of forming an insoluble salt (lead stearate, palmitate, 
and possibly "some olcate), which becomes api)art‘nt as a cloudiness 
when the varnish is cooled and subsequently settles out as a pre- 
cipitate after a ])eriod of weeks or months, leaving the varnish bright 

Lead resinate has less tendency to be })recipitated or to j)roduce 
a tui'bidity, but it Is not very solubles and when in excess thi; settle- 
ment of tile “ foot " is usually fairly ia}>id. The large pro[>ortion 
of lead resinate which is necessary, by reason of its (U)mparatively 
low coneentratio’n in lead, militat(‘s against its us(‘ by rejmtabk^ 
varnish makers ; this apj>lies in g(‘n(‘ral to all ri'sinates except 
cobalt and manganese {vide footnote on i)age lih)). 

Mangan(‘se and colialt have very similai* pro]K‘rties in their 
effect on varnishes, in so far that th(‘y have a tendency, when 
pres(Uit in excess, to cause surface -drying or ‘‘ livc^lling,” instead 
of produ(!ing a drying effect throughout the thickness of the film 
(see under Defects f)f Varnishes). Doth these medals require only 
a small ])ro|)ortion to aceekuate considerably the dr>ing of the 
varnish. The combination of lead-cobalt or l(‘ad-manganese is 
usually resorted to, exerepting where the pres(‘ne(' of the former 
metal is undesirable. The use of lead alon(‘ in a varnish is un- 
common, owing to its relatively slow drying i)owers. 

In addition to the medhod of adding driers to th(‘ gum-oil 
combination, y(d another nudhod has found a c.(‘rtain amount of 
favour with sonu*, manufacturers ; this consists in the addition 
of insoluble di'iers to the finished (thinned) varnish, solution being 
effected by long agitation in larg(‘ drums.' This tnethod, known 
as “ cb’umniing ” or “ churning," has the advantage of ^delding 
considerably paler products ; }>robably by reason of tlui tendency 
to darkening of the jnetallic soaps forming the drier at the some- 
what elevated temperatures of solution necessary in the method 
described above. The agitation with air in the drum, to which 
the varnish is subjeck‘d, also induces a certain amount of bleaching 
action.' Drummed varnishes have also the advantage of a lesser 
tendency to skin-over when stored in bulk in open tanks, but they 
require longiu’ periods for clearing than varnishes in which the drier 
has been dissolved at a high JbemjX'rature. * 

After the introduction of the drier, the varnish pot is removed 
from the fire and tal^m to a •cooling room, where addition of the 
thinner is made after the contents have been cooled down to a 
ternperatun* of 160“- 170*^ C. ^ In some cases the solutievn of the 
drier may be added to the thinned gum-oil mixing. This operation 
requires little dei^cription, the turpentine or substitute chosen being 
added slowly with continual agitation M the mixing. Addition 
of the thinner at too low a temperature may cause precipitation 
of the resin in certain cases, whilst addition at too high a temperature 
will occasion losses owing to voltitilisation. Moiteovcr, delay in 
adding thinner niay also result in incomplete solution, especially 



208 VARNISHES AND THEIR COMPONENTS 

in the case of varnishes containing a high percentage of resin. It 
would appear as if the colloid mixing were stable only within 
comparatively narrow limits of dispersion and temperature. The 
nec(^ssarv conditions are a matter of ex})erience. The varnishes 
are thinned to a requin'd viscosity, which may be determined by 
the “ bottle” method standardised against a determination by an 
Ostwald or Doolittle Viscometer. 

Other Processes for Running Copals.- Mention has been made 
of processes to depolymcri.se gums und('r pressure without loss.- 
I’lie principle is solubilisation in the presence of naphthalene under 
]irossure (4 atm.) at 275^’ C. in an autoclave fitted with a stirrer. 
At the end of two hours the change is com])lete, j;>ari of the necessary 
oil is add(^d, and heating is continued for one hour at 280^" C., 
followed by the removal of the naphthalene by distillation under 
reduced ])ressure. Coflignier states that an autt>cla\"e on the 
Terrisse plan worked satisfactorily for five years (1900 10) with 
a charge of 150 kilos, of gurn at each operation. The advantag(^s 
claimed are: (1) Utilisation of the whole of the copal; (2) paler 
varnislies are produc(d ; (3) the original hardness of the resin 
is retained. In a later patent by Terrisse and Coffignier, copal 
oil and copal arc heat(‘d with naphthakme under pressure. If 
the resin, solubilised by eojial oil, be esterified with an alcohol, 
e,g. glycerine or benzyl -alcohol, th(Te is an increase^ in weight 
of the r(‘siii.^ In the r(‘cent specifications the c.o])al solubilised, 
either by ordinary sw(‘ating, by naphthakme, or by naphthalene 
with co])al oil, is Iu‘atc‘d with glycerol or benzyl-alcohol to transform 
it into an esku’. The Terris.se process is an im])rovcment on that 
of (Iraham and Rurrell,'^ in which the (topal was heated to 350" C. 
under presf?ure with turpentine. The colour of the varnishes by 
Burreir.s pro(^(\s.s are not good, whereas tho.se obtained by T(‘rrisse’s 
"process are satisfactory and the varnishes are of good hardness. 
The objections to the autoclave processes are the capital outlay and 
the length of time of th(^ running proct^ss, which tend to outweigh 
the loss of the resin treated in the ordinary manner. Recently 
the difficulties arising from the loss of weight of the gum have 
been shown not to be serious, for it is possible to utilise the 
crude copal oil in the manufacture of varnishes of satisfactory 
cpiality without having to go to the expense of setting up new 
plant. Other s])ecikl solvents for (jopals have bcicn proposed, e,g. 
linseed oil acids, amyl alcohol, terjnneol, etc., but they have met 
with no success. The effect of the solvent msuterials on the finished 
product is deleterious, up less they can be completely removed", which 
is not feasible. 
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Comparison op the Properties op Haw, Run, and Solubilised 
Resins (Coffignier). 



Madaiiaawir. 

Madagascar 
“ run.” 

Madagawiar selublllsed 
by Naphthalene. 

Specific gravity at 10'' C. . 

1058 

1002 

1001 

Melting 

>300 

205 

105 

Acid value . 

03 

08*2 

08 

KottHdort'er value 

70 

45 

00 

I’ercontage of Insolubility ; 

• Alcohol . r . . 

74 

02 

74 

Fithor 

05 

f)2 

20 

Turpentine 

00 

3-0 

52 

Honsol .... 

78 

1-5 

40 

C/hlo reform 

00 

17 

sol. 

Carbon tetrachloride 

85 

4 

20 


Maturing of Varnishes, — ^The varnish prepared as indicated 
above does not possess properties which the manufacturer would 
consider requisite for a satisfactory product. The varnish will hold 
in suspension fragments of gum bark, mineral matter, etc. More- 
over, a heavy cloudiness may develop a few hours after the varnish 
is cold, due to the action of the driers. ’ iln general tlie turbidity 
originates from the same cause as that accruing from ordinary 
boiled linseed oil prepared with a lead dricT/, and is caused by the 
precipitation of the insoluble lead soap of the saturated fatty acid 
component of the oil, e.g, stearic, palmitic, and myristic acids.* 
On tankage the debris from the gum and the lead “ foot ” will 
settle out, leaving a clear varnish. Simultaneously with the 
deposition of the “ foot,” other changes occur, e.g, a slight bleaching 
of the varnish. A varnish of a decided brown colour immediately 
after manufacture will become a yellow orange after a year’s tanking, 
especially if manganiise driers bo present. 

Certain undefined physical changes, probably connected with 
alteration in the arrangement of the disperse phase in the colloid 
solution, will also occur on “ ageing,” viz. an improvement in 
flow under the brush. It must be remembered that in the running 
of gum the strong depoly mensation necessary to render it soluble 
is not a stable stage, and maturing will indicate a partial re-poly- 
merisation ; moreover^ metallm soaps of the driers present in the 
mixing will undergo a gradual increase in viscosity Lead oxide 
or lead linoleate dissolved in linseed oil becomes stouter in con- 
sistency on storage, even wheil out of contact with the air. That 
such changes c^ bo observed and identified with changes of 
viscosity has been mentioned in a pflper»by Seton, Probeck, and 
Sawyer.^ It is certain that the more reputable varnish manu- 
facturers require a period of maturity by “ tanking ” for a period 

* If a lead salt of a resin wid be used, unless the resin acidity of the 
mixing is high there will be a gradual deposition of a lead resinate. 
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of six months to two ycc-irs. It is essential to maintain this old 
custom to a ct^rtain degree, as storage is nc^cessary apart from what 
is required to pi'oduee complete clarification. No doubt the period 
may be short(‘ned in many cases by filtration from the sand and gum 
dirt, but the nmioval of the lead foots ” is difficult, unless they 
arc present in small quaTitities, otherwise it is best to draw off the 
clear varnish from the tank and treat the “ bottoms ’’ separately. 

Filtration of Varnishes.- The renioval of suspended matter in 
a v^arnish is always diffiejdt, because of its vis('(>sity. The warming 
of the mixing will cause a decided reduction in the viscosity, but 
this is not to b(‘ reeomnu'uded, (nving to loss of thinners and sub- 
seqmmt thickening diu* to suilacc* oxidation and to ])artial solution 
of the suspended mailer. In t(‘xt-books many nudiiods (ff filtration 
are described, but reference will lu^ made' here only to two classes of 
processes, (I) plate filtration and (2) centrifugal t]'(‘atment. 

The filtration of varnisffi's must be considered from the stand- 
point of the j)rincipl(5 of technical filtration. "Jlie fundamental 
point to be noted is that for a given system of solid and liquid the 
whole problem is completely det(Tmined physically. The limit 
to the filtration is an economical one only : it dcqxmds on the way 
in which higher pi(\ssuro increase's the first cost of the plant, and, 
the pressure being given, on the balance betw(^eii the cost of obtain- 
ing a thicker “ cake " and the cost of removing it at more frequent 
intervals. The ]iroper adjustiiu'nt of these factors presents no 
difficulty to any one in d(*signing filtering a])paratus.‘^ It is evident 
that the above statenu'iit dot's not strictly apply to the varnish 
manufacturer. He deals with fluids of high viscosities, containing 
small amounts of suspended tnatier j)artly coarse, partly fine, and 
partly slimy, the latter being exceedingly undesirable for removal 
by filtration. The coarse material may t)e elifuinated by straining 
through muslin, a preliminary and primitive method. It is not 
advisable to refer to old-fashioned methods, and the attention of 
the reader will be called only to the use of filtf'r presses and centri- 
fugal separators. 

Filter Presses. — A summary of the construction and meaning 
of the numerous variations of the tyt)e of filter presses will be found 
in a paper by E. A. Alliott.’ 

Construction of the Filter Press- k filter press may bt) described 
as a frame in which a numbiu' of lo(?se .slabs of filter surface may 
be clamped to form a series of hollow chambers capable of with- 
standing intt:^nal pressiire. The tilfor , surf are is ribbed or^grooved 
and covered Avith cloth and filter pap(T. This arrangement gives 
a maximum of area in a minimum of space, and is capable of 
modification to meet the varying conditions called for by different 
grades of material. A ^largr variety of constructional materials 
can be used, and the whole plant is of high reliability and free 
frpm any tendency to break down. 

The two forms of press in general use are (1) the recessed plate 
type,^and (2) ihe flush and distance frame type, often called the 
chttiXiiber and frame' presses respectively. The latter type alone is 
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used in varnishes, where only slight suspensions arc dealt with. 
In the flush plate type the faced joint surfaces are practically flush 
with the filtering surfaces, the chambers being formed by frames 
having fac(^d surfaces corresponding to those of the plates, and 
placed alternately with the plates. The cloths or layers of filter 
y)aper and cloth are hung over the yflates so that each chamber has 
a cloth on both sides. The inlet of the material is through a passage 
having ports communicating to the interior of the distance frames. 
The liquor eiiUu’s the chain b(‘r under pix'ssurc, tlu^ solid portions 
being retained by tlu; (tloth, Avhilst tlu* fluid jiasses through and 
,is di’awn along, the grooves or corrugations of the plates to the 
exit ])orts. For varnish filtration tin' pr(;sses are sometimes made 
with three* or four yiassagivs situated at the corruuvs of the chamlx^rs ; 
one of th(5 lowiu* passages scrv(‘s as a feed inlet, while the others 


AIR PASSAGE 



FILTER PLATE DISTANCE FRAME 

]'’10. 20. — Plate and frame of Johnson filter press. 


act as filtrate outlets, being joined together at the head of the press, 
By this arrangement the liquor has a minimum distance to travel 
along the grooved surface to get to f-he outlet passage. Further 
the upper passages ensure a free escape of the air from the chain bei 
(see Fig. 26). , 

The press plates are usifally made of iron with fine straight 
grooves or coarse pyramids or lozenge-shaped protuberances on the 
surface, so that tlie clfanneis ifre keyit sufficiently dea|) and narrow 
and cannot l>e closed by the sag of the idoth. To fix the filtei 
cloth in the press a strip, long enough to cover both sides of the plate, 
with holes cut in it corresponding to the feed passages, is hung 
over the top of the plate. The question yf the best material for a 
filter cloth depends largely on the liquid to be filtered. A strong, 
comparatively coarse cl#th may be used to support a thin lightlj; 
woven twill or a good quality filter paper. Witlj varnishes the 
deposit is so slimy *that an iijipenetrflble layer is sjieedily formed on 
the cloth , so that it becomes almost impervious . Addition of calcined 
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fullers’ earth, or diatomite, tends to build up an open structure 
in the slime and permits a more rapid flow. The best success of a 
A filter press installation depends not 

only on the choice of plant, but more 
especially on those in charge of the 
* operation. It is nearly always possible 

^ to reduce high labour and cloth 

charges by proper methods in the lay- 

^ Ji <nit of plant, and those who take these 

I facts duly to heart will obtain the 

iw^st satisfactory resujts. There seems, 

v^ii little dou})t that filtration of varnish 

J through such a press yields the best 

clarity, although it is often advisable 
to remove most of the suspended 
matkii’ by a previous treatment in a 


J centrifugal machine, which gives .a 
^more rapid output of a varnish which 
"jQT] • is almost clear. 

5 I ' Centrifuging Processes. — There 

^ 4 are many centrifugal machines on 

the market, but on(j especially" suited for the filtration of varnishes- 
is the modification known as the Sharpies super centrifuge (Pigs. 2S 
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and 29).® The separated solids is deposited on the inside wall of 
the tube or bowl and is intermittently removed when the bowl 
becomes too much charged with solid (a bowl will hold about 15 lb. 
of solid before it requires removal). In the Sharpies machine a 
separating force is developed 16,950 times that of gravity, corre- 
sponding to 17,000 r.p.m., although in the laboratory form a force 
of 40,000 times that of gravity can be developed. Since centrifugal 
force varies directly with increase in diameter and as the square 
of the speed of revolution, the centrifuge is of tubular pattern. 
The rotating bowl is both suj)ported and driven from the top, being 
otherwise free to find its own axis. By this means the machine 
* is operated with the minimum wear and tear. One main ball 
bearing constitutes the sole point in the machine at which friction 
has to bo taken into account. The drive arranged immediately 
above the main bearing may be : 

(1) A belt drive from a line shaft. 

(2) Direct steam drive by moans of a turbine wheel fixed to 
the tube or bowl spindle. 

(3) Indirect electric drive, t.c. an individual motor mounted on 
the centrifuge body and driven by a short belt and idler pulley 
on to the head of the bowl spindle. 

(4) Direct electric drive in which the motor armature is mounted 
on and is an integral part of the bowl spindle. Mechanical friction 
losses arc thus limited solely to those of the one ball bearing which 
carries the rotating bowl, whereby a considerable reduction in the 
consumption of power is effected. 

At the bottom of the bowl a short extension runs with a definite 
permitted clearance in a bushed socket, serving as a guide during 
the running up to speed of the bowl, when slight vibration or 
oscillation may occur. The liquid to l)e treated is admitted through 
the hollow centre of the extension of the bowl, under greater or less 
head, according as viscosity or other considerations demand. In 
dealing with varnishes it is sometimes advisable to warm them to 
about 120*^ F., in order to reduce the viscosity and to increase the 
flow. Settlement takes place during the upward travel of the 
liquid which discharges at the top of the machine. The sus- 
pended solids are deposted on the insidt' wall of the tube, and are 
intermittently removed from the bowl when it Ix^comes fully 
charged. The Sharpies supi^rcentrifuge has had considerable success 
in dealing with nitrocellulose varnishes. 

The Sharpies ir^^chinc* ^an treat 100-150 gallons per hour, 
depending on the viscositj^ of the varnish.^ * 

In practice, clarification^ with the centrifuge is not, profitable 
when the liquid contains more than 1-2 per cent of solids. In 
such cases other forms have to be u^ed,* 

• 

* The Sharpies clarifier removes “gum dirt,” but to obtain a perfectly 
clean varnish film on a paSiel a period of tanking is advisable or final clarifica- 
tion can be obtained by passing the varnish through a filter press. It must 
be pointed out that the machine will ndt effect the removal of “bottoms” the 
solubility of which* is affected 1)y temperature. 
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Tlie de Laval separators, which have been tried by a number 
of American varnish firms, consist of a multiple clarifier bowl or 

4 - 



c 

Fia, 28. — Sliurplos varif.sli ^larifiort 

1. Idler urm and pulley for keepinc roiiHtant 9. OlarifliHi varnish outlet. 

tension in belt. 10. Bowl or rotor (17,000 r.p.m.). 

2. Motor, « 11. Vjrnlsh under eentrlfuKal force. 

3. Belt. 12. Boots, «‘te., separated Irom rfude varnish. 

4. Belt head bearing. 13, Brake for bringing bowl t<} rest. 

6. Bowl spindle. 14. (Snide bushing for bovd bottom to revolve 

0. Spindle to bowl coupling nut. ^ In. 

7. Speed indicator. l.'i. Crude varnish supply by pump or gravity 

8. Clarified varnish discharging from outlet feed. 

ports in bowl. • 

centrifugal filter bowl containing two chambers, an outer, where 
partial clarification ensues, andean infier, provfded with plates 
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between which filter paper is placed. The bowl is a plain cylindrical 


I 



“ Varnis}m." To face page 214. 

‘ ERRATUM • 

I’ago a If), line 1, “The bowl,” to page 216, line 4, “fifteen 
niinutetN” This passage aj>plies to the Sharpies, not to the dei Laval, 
machine. 

The following describes the working of the de Laval Separator ; 
Tiie product to be filtered passes into the top of the bowl and flows 
to the bottom, where it is forced to the outer, or clarifying, chamber. 
Here the heavier and more easily removed piu'ticles are forced agaimst 
the outer wall of the chamber. The partly clarified fluid passes to 
the inner chamber, where it enters the openings in the several plates, 
percolating under slight vertical pressure through filter paper and 
thence inward and upward to the discharge outlet 



FlO, 29. — Sharpk'K oil separator. 

tube closed at its upper end, witfi a head provided with outlet 
ports. It is cqu^ped with a removable set, of wings which serve 
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to keep all the parts of the liquid at the same speed of revolution 
as the bowl. The bowl bottom containing the inlet port may be 
readily removed and the whole cleaned and replaced in about 
fifteen minutes. 

Another form of filter suggested is the Sweetland filter for the 
clarification of liquors containing solids which do not filter 'freely. 
In this machine the solid is dislodged from the filter surface by 
means of a stirring mechanism without opening the filter, thus giving 
at all times a clean filter surface. 

The separator type of Sharpies supcrcentrifugc is for the 
separation of mixtures or emulsions of immiscible liquids, the 
liquids l>eing continuously and separately discharged. Figs. 28 
and 29 show the difference between the juocc^ss of centrifugal 
clarification and separation. In the separator the heavier liquid 
forms a uniform cylindrical column against the shell of the bowl, 
and the lighter liquid an inner cylindrical column. 

The Storage of Varnishes. — ^The varnishes are pumped from the 
thinning room, after a preliminary straining to remove gum dirt, 
into large rectangular or cylindrical tanks of galvanised iron with 
sloping bottoms of a capacity up to two or three thousand gallons. 
The height of the tanks is generally two or three up to five times 
their width or even more. The temperature of the storage room is 
maintained at ]5°-18° C., and the rooms are warmed by hot watw 
pipes. Clarification proceeds from the surface downwards, and the 
rate depends on the varnish and on its viscosity. The clear varnish 
is drawn off through special taps placed in the tank, the lowest 
being some distance from the bottom. A tap in the base of the 
tank will allow of complete emptying, so that the sediment may be 
withdrawn. From time to time the empty tanks are. “ scabbed ” 
to remove varnish skin. I^oose iron covers on the tanks protect 
the contents from dust. Periodically samples are withdrawn and 
tried on prepared boards, or on glass, for clarity, quality of 
surface, and time of drying. Any alteration in the viscosity is also 
observed.* 

The Properties of Varnishes on Application.— In considering the 
uses to which oil varnishes are put, the main field of application is 
that of the protection of metal and woodwork. Besides their use 
as protf^ctive coatings, they have also an important function in the 
beautifying and accentuating of the , natural grains of wood or 
conferring a high lustre or polish to the surface. The accentuation 
of the natural grain of the wood is accounted for by the penetration 
of the surface fells by the varnish, thus jlroducing optical coritinuity 
with a resultant exaggeration of the darkness of the grain. 

From a protective standpoint varnishes must be chemically 
stable to atmospheric influences (oxidation), physically stable to 
changes of temperature (el«\stic), waterproof, and suflieiently hard to 

. t * -During the tanking of vamishes a Blow shrinkage in volume occurs, due 
chiefly to ev^oration of the volatile solvent and to slow oxidation of the 
turpentine. The ria.te depends on fftie “thinner** and on the conditions of 
storage. The loss of volc^tile thinner may vary between ^ and 7 per cent. 
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resist wear. It will be readily granted that, in view of the extreme 
tenuity of the average coat of varnish (about l/7e50 in.), more than 
one coating will be necessary to give the desired result and further, 
it will be apparent that the necessary properties must be considered 
which each coating must possess to fulfil its desired function. In 
the first place a preliminary coating will be nec;essary to stop the 
capillarity of the surface cells of the wood and at the same time 
“ set ” these cells to a hard rigid layer to obtain a solid foundation. 
Such effect is obtained by the use of a varnish of fairly low viscosity 
to ensuie penetration of the cells of the wood, but having its gum 
and oil constituent of rather high viscosity so that such penetration, 
*once secured, will not go on indefinitely, since a surface sealing is 
the only object ainu‘d at. Rapidity of drying will also increase 
the surface sealing. Such an eff(‘ct is obtain(‘d by the* use of a 
varnish known as “ goldsize ” : this product is a vaiiiish in which 
the gum and oil combination has bt^en brought to a viscosity 
approaching solidity, a liberal addition of volatile solvent ensuring 
a low viscosity of the finish('d product. The nature and amount 
of the driers added cause rapidity of drying. Such a varnish is of 
limited utility, possessing little gloss of film (owdng to the large 
bulk of thinners present), low weather resistance, and slight im- 
perrm^ability, but it fulfils the purpose for whic'h it is intended. It 
may also be incorporated with oil colour to give a hard bound 
undercoat on which subsequent coats of varnish may be laid. A 
solution of shellac, in methylated spirit will also perform the same 
function. 

Previous to applying a priming coat of paint or filler on wood 
containing knots, it is necessary that the latter should l>e treated 
with a liquid known as “ knotting,” If this were not done, the 
resin ^exuding from the knots would penetrate the paint and dis- 
colour it. A favourite stopping for woodwork is a mixture of dry 
whiting and dry white lead, made into a putty with linseed oil, 
to which 10 per cent of boiled oil has been added. Turpentine 
may be used as a thinner, and two coats of the sto]iping are brushed 
on with a stiff bristle brush and the surface rubbed down with 
pumice and water or ^^ith sand-paper. Priming coats may take 
other forms, e.g. fillers of silica or silicates incor])orated with 
turpentine or a drying oil capable of giving a hard coat. An 
English filler may consist of carbonate of lime 50^)arts, clay 46 parts, 
and graphite 4 parts ; a German filler may (‘.onsist of carbonate 
of lime 55 parts, elay^ p£^r{s^ and graphite 5 parts an American 
filler may contain a silicate of alumina an^ iron containing 57 per 
cent silica, 21 pt^r cent alumiim, and 9 per cent oxide of ir^n. The 
filler is worked up with white lead and ochre in linseed oil, to which 
are added turpentine, an oil varnish, and liquid driers. The stiff 
paste is applied to the wood and the coating rubbed down with 
glass paper after twelve^ hours. ,\Other varieties of wood filler may 
consist of (1) sifted kaolin 34 parts, boiled linseed oil 11 parts, 
gum driers 5 lb., turpentine 15 parffe, and rosin vafnish 154 parts ; 
(2) emery 25 lb., finseed oil* 15 Ib.^ pale gum driers IJ galls., rosin 
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varnish 17 galls., and wliitc spirit galls. An American paste 
wood liller consists of a mixture of starch or dextrine, a mineral 
substauf'c, linseed oil varnish made (piiek-drying by the 

adcbtion of driers. The mixture is applied as a varnish, and after 
twenty -four hours should be dry enough to be rubbed down with 
glass pap(U’.‘*^ 

Transparent wood filler for aircraft propelfi^rs consists of a 
material in the form of a stiff [mste n'quiring an addition of tur- 
pentine or white spirit before use. VVlum the filler is a})plied to 
woodwork the* grain of the wood must become filled in a satis- 
factory manner. The filler consists of filling material, at least 
50 2K‘r ci'iit of which must be powd(‘red cpiartz,' genuine linseetf 
oil, and a good fjuality flatting v^arnish or gold siz(‘, in such pro- 
portions as to |)i‘oduc(‘ a pn^paration satisfying the I'ccpiirements 
of th(‘ clauses of S})ecilication 2 X. 11, 11)20, British Standard 
Specification for Aircraft Material. The ])aste, suitably thinned 
with turpentim^ when appli(‘d to a hard wood, such as walnut 
or mahogany, shall give a film drying sufficiently in half an hour 
at 70'^ E., so as to allow .the excess to be “ wiped off.” When the 
paste, suitably thinned with tur]3entine or white spirit, is applied 
to wood, the film pT‘odu(^ed after fifteen hours’ drying at 70° F. 
shall withstand sand-])apering without rolling or clogging the sand- 
paper. Whfm the filler (suitably thinned as above) is ap])lied to 
a glass plate, the film produced after twenty-four hours’ drying 
at 70° F. shall not becoim^ softened wiien imnuused for four hours 
in distilled water at the ordinary tem]XTatm<^ 

The s])eeification for a priming varnish (2 X. 14, 1020, British 
Standard S])ecifi(;ation for Aircraft Material) requires that the 
varnish inay be either gold size or a spmit varnish, pro\iding it is 
a satisfactory w'ood filler. The varnish when “ flowed on” a' glass 
'plate shall become dust dry at 70° F. in not more than five hours. 
The film when allowed to dry for forty-eight hours at 70° F. on 
glass shall be bright and clear, and shall not roll up or powder 
when rubbed with the fiiig(‘r. 

To fill up inequalities on the surface of iron, equal parts of red 
lead and gilders’ whiting are mixed with 2 parts of genuine linseed 
oil and 1 part of gold siz(; to a putty-like consistency. It must 
1 k! used fn^sh, because it soon dries hard. A very effective primer 
for wood may be^'made from casein., dissolved in salammoniac 
solution. The mixture may be applied wfith brush or with spray, 
and will give^^a smooth, uniform suHace oiv wffiich coats of paint 
may be applied to goo^l advantage. The primer may be coloured 
to suit the conditions. , 

*in the preparation of the surface in carriage varnishing it was 
customary to apply two primjing coats of white lead or oil followed 
by five coats of a mineKU filler, a guide coat of bright red oxide 
.stiffened with black japan, another coat^ of priming, a coat of 
vegetable black ground in oil and thinned with gold size and turps, 
finally two coalfe of oil colour thinned with gold size and turps, i.e. 
twqlve coats before the varnish was applied. - 
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Having now formed a preliminary base or groundwork, the 
succeeding coats which go to form the protective film may be 
considered. From an examination of the propeities pf the con- 
stituents of an oil varnish and of the elTect which it is desired to 
producer, it is evident that from a decorative point of view it is 
desirable to obtain as high a finished gloss as ])ossible, and to that 
end the relatively high refractive index of the gum resins is an 
in^portant factor. 

For the “ bodying-iip ” or “ undercoats ” a varnish rich in 
rosin is desirable. The nfiative hardness of such shOrt-oil varnishes 
is of advantage from the* stand] mint of rapidity of drying and of 
shlidity. : p]xperi(!nce lias shown that for the ap])lication of succeed- 
ing coats of varnisfi, tlie glossy coat of the [)receding layer does not 
form a satisfactory “ key ’ to the ru^xt, and it is nt^cessary to 
prepare the variiisbed smlaee so as to give “ tooth ” or “ bite ” 
by removing the gloss from the surface. This is performed in 
the operation known as “ Hatting,” which consists either in lightly 
sand-i)ap('ring ot’ in rubbing down the thoroughly hard and dry 
surface with pc^wdered pum-ice stone and w^],ter ap])lied with a piece 
of hard felt. Stetd wool may also bt‘ used for rubbing down. 

Such a i)T’e[)ared sui'face is devoid of gloss and, when examined 
und(*r a lens, exhibits a s(U’rated or toothed surface, which is eminently 
suitable for the snceivssful a]>])lication of a succ(‘eding coat. It is 
evident that a hard-drying, full-bodied varnish, rich in gum resin, 
must be (MU])loy('d as an undercoating or fialting varnish. The 
relative ])ro])()itionH of gum re.sin to oil to form such a varnish 
arc not fixed, s(‘V'eral factors (‘ontributing to the hardness of tlu^ 
dri(‘d film, but it may lx* stat(‘d that they are mo!‘(^ nearly equal 
than in varnislu's used as a finishing coat. 

, A further function of tlu^ undercoat is to act as an additional 
cennent or binder of the surface cells of the wood, and to protect 
thcjin against peiKdration of moisture before the finishing coat has 
had time to attain its maximum water-resisting ])ower. It is of 
importances that th(‘ undercoat should be suffieicsntly hard before 
the finishing coat is a])})liefl, otherwise blLsteiing ma> bo produced 
owing to volatih' ])roducts or vapours, im])risoned by the finishing 
coat, causing distemsion of its surface. 

Having thus obtained a sufficient body or thickness of varnish, 
the finishing coating may lujw be applied. Jji this also many 
factors have to be eonsidtued. A coating is required, which shall 
have a maximum glos|, whi(?lw shall be of sufficient hardness to 
withstand flu? ordinary weSr and tear to ^ which tKe varnished 
article is to be subjected, and which at the same time will,posse83 
the requisite elasticity to withstand mechanical strain and changes 
of temperature, besides king weatherproof and waterproof. It 
is evident that varnishes for indoor use neciti not possess the degree 
of elasticity and resistances to weathering required for outside 
varnishes. The question* as to the hardness of the dried film is 
determined essentially by the naturemnd amount ofHhe gum resin 
used in making the* varnish. * It is evident that the softest resins, 
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e.g. rosin, unless in the form of a metallic resinato, would not 
adequately fulfil such a condition. Elasticity will be determined 
by the relajbive amount of oil present, and to secure the optimum 
effec^t th(' minimum amount of the hardcist gum obtainable ought 
to be employed. The questions of impermeability to water and 
resistance to atmospheric effects (oxidation l>eyond the limit 
necessary to yield a satisfactory wearing film) are an intricate 
problem, and it is the obtaining of such results that constitutes 
the art and skill of the varnish maker. The? usv. of China wood 
oil has been of great assistance in obtaining varnishes with a low 
water absoryjtion. In connection with stability to atmospheric 
effects, it is evident that for a given proportion 'of oil in any two 
varnishes the one which dries mon^ raj)idly will be the first to 
deteriorate on exposure;, because the oxidation of the film has been 
pressed so far that the peroxides of the oil are more prone to be 
broken down (ef. action of driers, p 0 ,ge 42). Moreover, superficial 
drying is apt to leave a soft undercoating, and the surface crumples 
up or “ rivels ” owing to differences in density and volume 
changes. ^ 

It is therefore; advantageous to restrict the amount of drier 
to a minimum to secure a reasonable rate of drying. Wh(;n con- 
sidering the purpose for which a particular varnish is required, 
it is important to T*enicmber that the proportion of the constituents 
must b(; carf;fully adjusted ; for example, a high degree of elasticity 
would not be required in a varnish which is to be kept immersed 
in water, whilst a considerable degree of impermeability would bo 
demanded. 

After this general atjcount of the scheme of application of 
varnishes, it is advisable to consider the stages in detail. 

The Application of Varnishes. — Varnishes may be brushed on, 
flowed on, or the articles to be varnished may l)e dipped in the 
fluid, or the varnish may be sprayed on to the surface. For decora- 
tive indoor work where sj)ecial attention has to bo paid to the 
surface, brushing on is generally adopted. Flowing on, or pouring 
the varnish on to a surface and allowing it to drain off, is confined 
to very elastic mixings which can be easily distributed over the 
surfac'C. Dipping is gen(*rally ado])ted for dealing with articles 
for ornament or for surfaces which can be completely immersed in 
varnish, e.g. lK;d.s^eads and cycle frames are coated by a dipping 
process. Special attention has to be paid to the viscosity of the 
varnish to ejisure the best surface, thisi'vill de])end on the com- 
position of the mixii^g. ' The dipping viscosity is generally loss 
than that for brushing. Applioatipn by means of spraying is now 
general, the varnish being delivered from a fine nozzle in the form of 
spray by means of compressed aip. Provided that proper attentibn 
be paid to the viscosit J, elasticity and to the temperature of the 
vajpish, it is easy to obtain a uniform surface by the coalescence 
of the spray globules. There is also an advantage caused by the 
aeralfton of the varnish, whidi tends to a more intimate contact 
with oxygen than in the case in brushing or dipIping 
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Varnish Brushes . — Varnish brushes ought to be of good quality 
and stamped with the maker’s name. A really good brush will 
last for many years if properly looked after, and new brushes 
are not required for every piece of new work. They may be flat 
or oval in shape ; the bristles should be wire-bound, not string- 
bound. The bristles should consist of stout selected wliite hog’s 
hair, ground or bevelled at the end, so as to prevent deep grooves 
being formed in the varnish, which may not flow out to a smooth 
surface. The^ condition of the bristles will be considerably improved 
by being used in japan or in colour befoit^ being used in varnish, so as 
to wear down thc^ roughness of the ends of the bristles. They should 
txi all of the same thickness, and stout or unsplit bristles should be 
removed by cutting th(‘m ofl close to the stock. They range in 
sizes from 4’s to fl’s. The secret of keeping brushes in projw 
condition is to hang them in a liquid, in such a way that the points 
do not reach the l)ottom of the vessel. The liquid may be turpentine, 
which is said to destroy the elasticity of- the bristles, linseed oil, 
or, better still, some stock elastic varnish.^” 

Dipping . — The advantages of applying paint, japan, enamel, 
or vaimish by an immersion process is obvious. There is great 
saving of time with a com])aratively sim]ile plant. Iron bedsteads 
are dipped in a tank of black japan and transferred to a 
travelling chair which carri(‘s them to th(‘ oven, the superfluous 
japan dripping off during the transfer. Thin coats are necessary, 
because if an atbmqd w(‘re made to make the coat thick, it would 
result in unsightly runs, fat edges, (dc. It is usual to cover with 
vaseline the parts which are not to bt‘ coatt‘d ; after the paint 
is dry, the vas(dine and the paint over it can be easily ^^iped off, 
leaving the surface* quite <dean, 

Spraying . — The principle of the method is to use compressed 
air, at a pressure of 20-50 lb. per square inch, supplied from a 
compressor. The concentric jet form of sprayer is now almost 
universally employed where painting, enamelling, or varnishing 
is carried out on a large scale. The advantages are many, and they 
produce the greatest effect* with the least possible consumption 
of air. The smallest work, e.g. jewellery, or the largest, e.g. gas- 
ometers, can be coated at a speed about four to ten times that of 
application by the brush. The amount delivered may be regulated 
from what would bo applied dn a single stroke 'fl)y any brush from 
quarter-inch to four -inch size. The principal object is to apply 
the paint until the gipbulejj coalesce. Too much wguld make the 
paint, or varnish run, too little would leave, the surface uncovered. 
There are no brush marks. Jko air pressure required varies with 
the consistency of the paint and its viscosity. Thin lacquers and 
varnishes may ube sprayed with 18f20 lb. air pressure, and up 
to 60 lb. will serve for most classes of ^aint. The volume of air 
used varies from IJ cubic feet per minute for varnishes to 8 or 9 
cubic feet for paints. The air is also employed for other purposes *, 
eg. z, small amount is used to pri^vide a pressurli feed of colour 
or varnish to the instruraenl. Wl^ere a heateir is employed a small 
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amount of air is by-passed through the pistol to keep it \varm 
when the spraying is inoiuentarily stopped. 

Inhere at'o a number of ty|x^s of spraying apparatus in use, 
At wtuA- a few may be mentioned, such as the Aerograph, the 
Aeron, and th(^ Aerostyle. Those thrive are of the concentric jet 
type. 

‘ Th(‘ Ihiieka spraying machine, the Iinineible, the Midland 
sprayer, and flie Paasche air brush are oth(;r forms. 

The AiTostyle {Fig. 30) is of pistol shajK', and is supplied with 
^ofHv<ith()ut ju’Ossure feed accessories. It may be* used for all general 
painting or japanning. The adjustment of tlm nozzle for widp 
or narrow sprays can be locked in ]>osition by nutans of a small 
ring. The diagram shows the details of construction of the spraying 
pistol. The air su])ply is admitted by a trigger. Tlie adjustnunt 
of the pistol for working is as follows : Release screw 14 on cross 
head 13, and whilst the instrument is (umnected with the air sujiply, 
slightl^v withdraw the triggiu* 12, allowing a small amount of air 
to pass through the nozzle. Whilst maintaining th(‘ trigger in 
this position, move the /^;r()ss head along the neralle until it bears 
against the (;am 10, and in this ])osition clamj) the same by screw- 
ing home the clamping siu’ew 14 If a wid(‘ spray is required the 
nozzle 8 is unscrewed to a small extt*nt and then locked by means 
of a small ring 8a, but if a narrow spray’ is desii’ed, the nozzle 8 is 
screwed on further and locked in position. On all round work 
one position servivs, i.e. a ])osition in wliidi the ri^eessed ])oint of 
th<* nozzles coincides with the (Uid of the tip 1), whi(4i just allows 
the needle 5 to ])roject through it. If foreign ‘mattc^r becomes 
lodg(Kl in 9, the varnish or colour bowl 2 must 1h" disconnected 
and the nos(‘ 4 removed and the j>arts ek'aned with tur]>entine. 
Special spraydng cabinets with suitable ventilation are provided, 
'the form deyiending on the class of work, l^ainters are equijjped 
with masks to iirevent inhalation of the fine spray. One man can 
apply as much paint as three brush hands, and two men can put 
on 50 gallons of paint in one day, using >vell-i’egulat(‘d sprayers. 
Full details respecting spraydng plant are given by authorities 
mentioned at the end of the chapter.^** 

The advantages of spraying over brushing are essentially those 
of time saving ; also, if the maehint^ has been carefully adjusted 
to give proper deliv^Ty, the surface is killer, of mon^ even thickness, 
and free friim brush marks. Moreover, this fuller coat often means 
a reduction ig their number, but the Jiardness of the undercoats 
may^ be diminished by,, the increased thickness in the layer. A 
mottled appearance on sprayed work,is due to the paints jiot having 
been specially prepaied for spraying, or the varnishes not being 
of suitable elasticity, and tht* media uscxl drying k>o quickly, thus 
prevemtkig the enamel Aora flowing out satisfactorily. It may 
be stated that spraying tends to reduce the faults of a paint or 
varnish rather than to accentuate them. 

Flmving Oif. — This procest^*»is largjply used in the enamelling 
and painting of autofnobile bodies. A great saving of time results, 
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and it is stated that the “ life ” of the painted or enamelled surface 
is prolonged. 

The process as carried out by the Ford M(jtor Car^Co.j^i^sists 

a« /II . ■ 
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Fia. SO.—Aeroatyle iilstoljiaint ai»myor. 

in coating the body with blue-black enamel by gra^ty only, i.e. 
the enamel is placed in an elevated tank and is delivered on to 
the work through a flexible pipe a«d slotted noz 2 ^e opened by a 
lever, which is actilated by tfle thumb of the operator. No spraying 
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is required, and dipping is out of the question, as only the exterior 
of" the body is to be enamelled. Each coat takes two minutes to 
apply to thp whole surface of a four-seater Ford motorfbody. 
Formerly the undercoats were sprayed on the work in the ordinary 
manner, and the finishing coat of varnish was flowed on by the 
gravity method. The undercoats are now flowed on with quite a 
satisfactory result. The modification causes more paint to adhere 
than would hav(> been applied by spraying, ancl it is found that 
one coat may be dispensed with. There is also less rubbing down 
because of the smoothness of the coat ])i‘oduet‘d, and the time of 
a])plicati()n is i*educed to two minuk^s. Nevertheless some authori- 
ties consider* that the s])raying of undercoats gives better results 
than the “ flowing on ” method. 

The (^ar body is mounted on a platform fitting in a V-shaptal 
trough which siii*roimds three sides of the body, and is slightly 
inclined to allow the superfluous paint to run off through an orifice 
into a receptacle. There is a series of four troughs and tanks 
corresponding in number with the coats to be applied. After the 
application of the undercoat th(‘ bogie supporting the car is wheeled 
into a stove and kept there for an hour at 160° F. The surface is 
then Tubbed down with fine glass papt^r and moved to the second 
trough for the application of a more glossy undercoat, which is 
stoved and rubbed down with pun^ce and water applied by felt 
pads. The third coat is then applied, stovt^d, and rubbed down, 
and finally the fourth or varnish coat is applied, which is air dried. 
The output from this department is 70 cars a day. The varnish 
is applied in a separate room from that used for the application 
of the paint. The requirements are stringent as to the quality of the 
paint, enamel, or varnish used. It must be sufficiently viscid to 
adhere to the surface, sufficiently fluid to run ofi freely without 
•leaving runs, tears, or “ fat edges,” and it must flow out uniformly. 
In fact, all the conditions requisite for a dipping paint- enamel must 
be realiscid, and the varnish must flow out and yield not too thick 
a coat, which would be likely to lead to blemishes. 

The Fbco Process . — This process is in some respects similar 
to the above, but it is intended primarily for the application of 
varnish by flowing it over a spray-painted surface.^ The varnish, 
instead of being discharged by gravity, is pumped from a tank. 

The varnish is \mmped by an elofjtric motor-driven (1-6 h.p.) 
pump in a continuous stream through a flexible hose to a delivery 
nozzle. The flow of the material is adjusted b^^ a regulator adaptable 
to any class bf work and viscosity of ^luid without changing the 
speed of motor. When the nozzk is closed, the material pumped 
in is forced back into the tank through the overflow, which serves 
to agitate the material, especially if it is an (^rvimel containing 
pigment. The body to be covered is placed over a drained trough 
arid the varnish applied to the upper part and allowed to flow down. 
Sufficient material is applied to ensure perfect flow to the bottom 
of ther work. The drainings ».ccumulate in the trough and run 
baok into the tank.* The tank holds* 16 galloAs, and the nozzle 
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will operate sucetissfully with 1 gallon of varniHh. The pressure 
tank in this equi})incnt jx^nnits of the use of heavier or more 
viscid enamels and paints than is possible where grt^vity alone is 
depended on.^-^ 

The Stoving of Varnishes . — Oas ami Superheated Water Stoves . — 
Th(^ details of the construction of japanning stoves are often 
Jnoglected. In some cases they are heated by open gas jets, which 
cause discoloration, and an* objectionable evem when black japans 
stovc'd, as the }>rt5sence of gas fumes retards oxidation. In 



Fitt. 3t.— Varnish Htovo. 


the Perkin .-.ysicm Avatf^r is heatiid under pressure and comparatively 
high tem]>"*ratiires are obtained in a simple but efficient manner. 
Coils containing the heating ^water are placed inside the stove. 
The oven should be proptuly ventilated to allow prdper oxidation. 

W. Goodyeai & Sons, Dudley, su^^ply stoves (Fig. 31) heated 
by gas (ordinary lighting or producer), steam, superheated water, 
and oil, either single, double, or treble cased, suitable for all purposes 
and all articles and giving a temperature up to 350° F. In the 
Duplex gas and superheated water •stoves there a patent dua l 
heating arrangement, the advantage* of which*is that, should only 
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a small amount of enamelling work be d('alt with, one stove can 
be worked indejxmdcntly of the others without the. trouble of getting 
the boiler rvsAy. The superheated water system is only economical 
when enamelling is conducted on a large scale, as boilers and furnaces 
are nc(;essai\y. Four large stoAcs is the minimum which can be 
worked successfully by the hot-A\ater system, 'j'lie gas-‘]jipes are 
at a low(u* levt*l than tl>e hot -water ]>i])es. 'Jhe temp(Tatures 
re(piir(*d will vary with the work : for black ja])ans (uther lSd''-200'^ 
F. or 25(F-35d"‘ F., gold stoving up to 2(KF F., ])olishes about 
140"^ F. Dining thi^ stoA’ing there is ahvays discoloration. In 
stoving of varnished furnitur(‘ or ]»iano ]>ani‘ls, it is advisable to 
hav(' present a sullicic'nt humidity in the air in t}ic‘'stov(^ to ])reveiit 
subsequent wai jiing of the Avood. 

Electric l^tores. — Mention may be made of tht‘ description of 
ele(*trically-heat{“d drying oviuis or stoving ovims for paints, 
varnishes, japans, and (‘nanu^ls. W. 4. Scott states that any 
suitable numbei* of units of the ribbon-type lu'aters of 25 kiloAvatts 
at 120 volts may be installed. An installation consists of one or 
more heaters connected nvith a two-wire cii'cuit controlled by a 
knife switch ; a three-wire single phase or even a three-]>hase 
circuit may be used. Didails are given for filling up the oven and 
controlling tlu^ tcmpi'rature so as to (msurc sahdy of wajrking. 
Recent deA^(‘lopmcnts art‘ described by iM. R. y\rmstrong,^* who 
shows that for an ov(‘n temjierature of 21KF C. a tenqxTature of 
54^' C. was maintained on the outsider Avails undei* oj clinary conditions. 
For 55 motor-chassis 12 gallons of enamel avim c used for hfty minutes’ 
stoving j)eriod. The average hourly consumjition A\ais 213 kw.hr. 
for six chassis per hour. 

The Drying of Varnishes in Air. A drying room ought to be 
kept at about 7()'’-75'" F., be dust-frei‘ and w'(‘ll vcntilati^d, with a 
good upper light if possible. The atmosjiliere of the room ought 
to be kept dry, and the doors closed, so as not to disturb the (fust. 
Different varnishes haA^c their special peculiarities in behaviour on 
di’ying; some come to a lack ([uickly and hardmi off slowly, others 
set slowly, but harden off quickly. ’The juesence of excess of 
manganese driers in a varnish (causes siqxu’Hcial drying, whereas 
if lead is presrmt the drying is uniform throughout. The action 
of manganesi* driers is moi-(^ sensitive to change's of tenqx'.rature 
than that of lead ifticrs. The time of drying is determined by the 
craftsman, and eori’csponds roughly to a dust-dry stage, when dust 
A^ill not adhere to the surface, aud*wl|en tl'C finger drawn lightly 
over the suiiace no longer produces any mark.* It is a crude 
method with about one quart(*r of an hour error. Much has been 
said about the precautions necessary to ensure satisfactory air- 
drying. A few of the ^linhi for workmen may^be enumerated: 
A varnish may go A\Tong through the undercoat being improperly 
prepared and not in a condition to receiye a finishing coat ; this 
may be due to solvent action on the imperfectly hard undercoat 

, * ll. A. (lardnor devised an apparatus for dott^rmining the time of 
dryjng of paints, varnishes, etc., to iin-arbitrary but definite degree of drying.^ 
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or to chemical action b(itween the com])onents of the layers. If 
a varnish he applied in a badly ventilated room, the setting of the 
film will be mucli retarded. Moreover, ap]jlieation in a hot room 
which becomes cold at night will give rise to imperfections of the 
surface ; this is due to separation of the compomuits befon^ the 
film has diad time* to set properly. Similarly a varnish will go 
wrong if it be k(*pt in a <*old place and then a})])li(‘d in a warm 
i*oom without ]>ro|K.‘r jueparation. Many varnisht‘S are iir an 
unstable^ condition, and a fall of t(unperatur(‘ ofttui causes a ])artial 
sc])aration of the r<*sin-oil comporuuits. Th(‘- influence of th(5 
humidity of tiu* aii' on the suilace of a varnish libn is of im])ortant!e ; 
V.< 7 . a varnish is'almost certain to go wrong if vvattu* be sprinkled 
on tlK‘ floor of a j-ooju with the offiect (»f settling tlu' dust which 
might be caught in the diying varnish.* The, absorption of water 
during the drying of tlic film may giv(‘ rise to a subsiapient cloudiness 
of the film, which will be referrt'd to under “ Bloom. ’ In summer 
a varnish (hies (piicker than in winter, but it hardens more slowly. 
The Avarning that a gas cooker must not be uscal in any part of the 
hoiist‘ vvh(‘re A arnish has iVcently been a])phed until it has thoroughly 
hardened off, has its (‘.x] Variation in the absorption of moisture and 
acid fumes arising from the cooker by tlie varnish film. Substances 
eAmhong ammoiiiacal vapours Avill produce tin* same effect as fumes 
from a stove. 

In ord(T to uri(l(‘rstand th(‘S(‘ Avarnings for the craftsman, con- 
sideration of th(‘ g(‘neral pro])(‘rti(*s of the drying oils must be borne 
in mind. Free csctii)c of the thinmus re([uir('s good ventilation, 
which also acc/clerates the catalytic oxidation. A ris(* of temperature 
of lif (*. will double th(‘ rat(‘ of oxidation. A fall in temperature 
or chilling Avill ])reve;^t the diffusion of oxidation products into 
the film, causing itK'qualities in its upper and lower parts, due to 
the different d(*iisitit\s of the oxidation pro(bu‘ts compared with 
the unoxidised components. The prodiudion of vseparated particles 
of resin-oil is mariifestcsd in a ])inhole-like aj)pearance. The films 
of many varnishes are oftem strongly Avat('i--absorbing, so that the 
surface beconu's cliarged Avith a lilm ()f Avater and dust which may 
set and is difficiilt to wash away. Moreover, such a film retards 
the hardening off of the varnish, and in fact softens it. The old 
custom of washing ihe su!'fac(‘ to hai’den it is (piik‘ sound, because 
it removes the adheuemt absoi'bing film of moistiff't'-saturated dust.^® 
Too rapid escape of the soh^ent meebum is conducive to striated 
and rivelled surfaces. Ai^ ejti^css of drier, especiaHy manganese, 
will give cl striated suiface owing to uneve® oxidation of the film. 
Some observers maintain that yxidation and polymerisation proc^d 
during the oxidation of the film. Wolff maintains that oxidation 
and polymerisation proceed at rates ttepe^ding on the wave length 
of light to which the varnish is exposed (see page 16). Further 
dc^tails as to the behaviour of varnishes when drying in the air 
will be given under the Hofects of Varnishes. ^ 

* If tlio moisture •oiitent of tiie air does not 70 per cent saturation 

no harm will i*esult (i>age 23(5). 
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TYPKS OF OIL VARNISHES 

A GENERAL description of the nianuf.acturc of a typical oil varnish 
composed of gum, resin, drying oil, siccative, and volatile thinner 
has been giv(‘n in ])rec(‘ding clia])ters. It is not the', intention of 
the writer to supply details of the composition of the various types, 
except in a general way. Each manufacturer has his own formulae, 
uses special mab^rials, and works under special conditions, which 
may or may not be in reality (lommon to all. At any rate, he pro- 
tects the secrets of his own busin(‘ss, winch is only right and proper. 
The writer's experience of ])ublished formuloe is that they are 
correct as far as they go, but they are not to be eonsidcred as recipes 
of manufactur(‘, and they merely illustrate' broad diff('rcnces between 
typ(!s or vari('ties of varnishes.* ^hc number of varieties of 
varnish made by nianufacturcrs is gi'cat. One firm lists as many 
as two hundred, each having its own special use. There is no 
general classification of oil varnishes ; probably the most generally 
accepted is that of long-oil and short-oil. An American writer 
will indicate sixteen classes, a French rater will quote twenty- 
four types, while a German writer will give one hundred and seven 
varieti(\s classified according to the hardness of the resin used and 
the proportions of resin to oil. The important classes may be 
given as decorator’s varnishes for inside and outside work ; furniture 
varnish, including cabinet varnish ; coach builder’s varnishes, in- 
cluding carriage, motor, and railway work ; boat, marine, or spar 
varnishes ; stoving varnishes, polishes, and bjaek jai>ans. There 
are also many varmshes for s]HH'ial i)urp()ses. 

Decorator’s Varnishes. — ^These varnishes, as their name implies, 
are intended for use*by the liousc decorator. It k not expected 
that they should be subjected to such sevefe conditions of exposure 
as in the case of coach- or m^or-body varnishes. With the excep- 
tion of gold size or preparation varnish already referred to, they 
are characterised by a fair degree of *olag^icity and moderate speed 
of drying. 

Church Oak is a term usually applied to a varnish jdelding a 
specially hard film, which does nof^soften appreciably at tempera- 

* The formulas given in AnS^s’ Re^.ptbuch fur Haclc- u. Farhen-InduatrUy 
III. Auil., 1922, are an illustration of tnk statement. 
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tiires up to 40° C^, and so can be used on stoats. \The hardness of 
the film is oftem obtained by tlu^ addition of liiuf* to the gum-oil 
com bination, ‘a calcium rosinate of high melting ])oint being formed. 
Much depends on tlu^ quality of the resin used, whicdi must be 
present in sufficiimt quantity to impart hardness and at the same 
time not to reduce elasticity. The index of refraction of a varnish 
is stated to be higlicu’ than that of its component parts (Sabin), 
and skill in operation vill ])roduce a brilliant varnish with a larger 
proportion of oil and increast'd elasticity. There are so many 
variables that no tw o varnishes from diff(‘rent sources will be alike. 
A German wariety of church oak (Kirchenstulillack) may contain, 
gum-resin and oil in the ])roportions of two to one, but such a 
mixing, although hard, would lack elasticity and be liable to crack. 
It is possible to obtain a more satisfactory coating containing a much 
larger pro])ortion of oil with the i’e(piisit(‘ hardness and (‘lastieity, 

Fhor Varnish, Vernis pour pJanchers, is softer than church oak. 
It is similar to flatting, but ru^nl not b<‘ rubbed down, and will 
not bloom. The pro])ortions of resin to oil jnay b(‘ 12 to IS galls, 
of oil 2 ^er 100 lb. resin, but they vary in diffiTiuit countries. In 
France' the proportions of gum to oil an^ 24 : 27, or 20 ; 20, with the 
addition of di'iers and thinmus, according to the manufacturer’s 
own methods. A German floor varnish may contain co 2 )al and oil 
in the pro]K>rtionH of 10:5 or 7-5. Th<‘ floor is ])reviously stained 
with- an oil stain which sinks into the wood, and is then varnished 
over. Such a varnish f>ught to dry ov(‘r-nigbt. A spirit varnish 
may b(‘ used, but it lacks th(' durability of an oil varnish. 

Flatfing Varnish, Vfrnis Jlatlhaj, SchInJIach, js used extensively 
in some countries as a finishing varnish for wood, especially in 
climates where bloom does not form. The jiroportions of resin and 
oil in France are : 25 kilos (!ongo copal, 25 linsticd oil, 50 kilos 
thinners, with 1 -7 kilos of lead linoleate, 1 kilo of dric'd sulj)hate of 
zinc, and 0-35 kilo of manganese resinaU;. In a German flatting the 
proportions of co 2 )al to oil maj" vary betwcHui 10 : 7-5 and 10 : 15. 
In England flatting contains resin and oil in th(^ proportions of 
60 lb. ; 8 galls., with about 11 galls, of thinners. Flatting varnish 
is used as an undercoat, drying quickly to give a hard surface, 
so that it may be rubbt^d down abenit tw(dve hours after drying 
to give a dull suilace which will not sw(‘at up, repmisse an gras, 
on standing. Tin* addition of the finishing coat on the Tough, hard, 
flatted surface provides a satisfactory adh(‘sion of finishing and 
undercoats. It is not (?xp(!cte^d that haUmg used as a finishing coat 
will have durability on exj)osure ; also it is liable to bloom. 

Front poor Varnish must combim elasticity with hardness, and 
will contain more oil than furniture varnish (10 parts copal with 
15 parts oil, by weight). Jt fliust be free from bloom. 

Inside Varnishes. — For inside varnishes manila copal, or one 
less hard than Congo or Zanzibar, may be employed, and the 
proportion of oil is higher than ip flatting or church oak. Coffignier ’s 
figures may be taken as fairly typical, except that Congo copal is 
preferred to manila. 
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Manilii Copal. 

LiTWCfd Oil. 

Thinners. 

22 

22-5 

__i 

44-5 

40 


The driers ar<‘ ])0(‘uliarly Frencli ; f.(j. 1 -5 kik)s lead linoleatc, 
0-75 kilo dried s\i]]>liat<^ of ziiie, atul 0 -370 kilo manganese resiiiat/C. 
Inside varnislu's mint hav(‘ satisfaet<n-v hardru^ss and gloss, but 
not n('e(‘ssarily gri'at weatluT-ri^sisting ]>ow(‘r.' These varnishes 
must b(‘ considered frorh a (l(‘corativ(‘ standpoint as well as from 
a j)roteetiv(' standpoint. A decorator insists u])on liistri' and flow 
and abs(‘nce of bloom ” on the Jilm. 'PIk' r(‘(juirements for a 
jirotective coating ai’i' set out in th(‘ British Aircraft Specilieation 
2 X. 7 (1020), whicii may Ik' summarised as follows : 

The varnish shall be ck^ar and bright and shall bi‘, manufactured 
on an oil basis. Tlie viscosity, wluai det<‘rmin('d by means of an 
Ostwald viscometer at 25 ’ shall be J[)etw('(‘n 30 and 55 when 
compared with glye('rin(‘ (100), se(‘ pag(‘ 257. Tlie varnish, when 
“ flowed on " to a glass ])lat(*, shall dry at 70° F. (21° C.) in not more 
than ('ight hours. T1 h‘ film produeial \\'hen the varnish is flowed 
on to a glass plat(‘ and allowed to dry for twa*nty-four hours at 
70° F. (21'' ('.), and subs(‘(juently IuniOmI for’ two hours a-t 212° F., 
shall show" no signs of brittlimess w^hrm scratcheil with the point 
of a j>en- knife. 

T’he lilm [iroduced on a glass plate and allowi'd to dry at BMP F. 
in an atmosphei’c^ chargiMl with burnt coal gas shall not web or 
wuinkle to any a])pr(‘ciabl(‘ (‘xtiuit (sia' ])age 24S). 

MixiTig Varninh . — This is sjM‘cially intended for imparting 
gloss to oil paints, so that it should hav(‘ as low an acid value as 
possible, othcrwdsi^ “ fec'ding u]) ” with basic jiigments may occur. 

White Oil Varnishes an* madt* from the palest gums and oils 
for application on di'licate colours. 

Crystal Paper Varnish is a dammar varnish Avhich is almost 
colourless, and is used for* ap])lication on wall})apers, etc. 

Furniture Varnish. — This variety is of vaiiable com])osition. 
It is no use sup])lyir\g* material which will last longer than the 
furniture, so that the introductioe of ordinary raisin is very common. 
The pro])ortions (4 resin to oil in America an* UK) lb. of resin and 
12 to 15 gallons of oik • ^ 

In Germany the proportions of gum to oil ate 10: 15. In 
re- varnishing furniture, a number of thin cf>ats of a varnish made by 
incorporating 100 lbs. resin ^ith 15 to 20 gallons oil are applied, 
rubbing down ^betw"eon each coat ^ntil the requisite brilliance is 
obtained. The varnish must Ix^ free lii*om bloom, and for that 
reason some authorities states that the copal must be carefully 
selected, and that no tlfick acid oil must be used in the manufacture 
of high-class varieties. • * 

• • ft^nilaltopal. Lacklclnol. 

Innenlackf Mobellackf Dekorationtikick . . fi 5 
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Cabinet Varnishes arc hard and quick-drying, with large resin 
content giving a high gloss, but with no weather -resisting properties ; 
moreover, they are liable to bloom. 

Coachbuilder’s Varnishes. — ^These rej^esent the highest art of 
the varnish manufacturer, and arc characterised by careful prepara- 
tion, long maturing, sjiecial selection of gum resin and of oil ; the 
nature and proportion of driers will vary acc^ording to the purpose 
for which the ]iarticular varnish is destined. None* but specially 
selected pale hard resins and carefully treated oils would be suitable 
for the pale varnishes known in the trade as French Oil, Maple 
and Venice Body Varnishes. The terms “ body ” and ‘‘ carriage ”, 
referred formei’ly to the ap])lication to tlie bcKly (doors, roofs) and 
the under portion (wheels, etc.) of (^oatdies. Siudi varnish(‘s used as 
finishing coats must be dust-dry in twelve hours. They must give 
no deposit on standing; their films must bt; free from l>loom, must 
retain their lustre on WTathering for sevt'ral yeai’s, and must not 
crack. The undercoating varnish (hard body) ought to dry in t<<*n 
to fifteen hours, preparatory to being rubbed down for the apj)lica- 
tion of the finishing coat': The general composition is essentially 
the same in ICnglish, American, French, and German factories, 
although the qualities aie often widedy different. In l^nglaiid the 
general formulae may be summarised as follows : ^ 



(ium. 

Oil. 

'I'hiniicrs. 


l.l>. 

OallH. 

(JiillH. (iipprox.) 

Fini.shing body . 

()0 

15 

15 

Elastic varnish . 

«0 

12 

13 

Hard elastic varnishes 

60 

10 

12 

Quick hard drying 

60 

5-6 

12 

Polishing liard drying 

60 

2-3 

14 


For an American rubbing varnish (for the undercoat), 100 lb. of 
gum are incorporated with 6 to 12 galls, of linseed oil. A French 
finishing varnish may contain 16 parts of hard rosin, 42 parts of oil, 
and 42 parts of thinners, together with 2-25 parts of lead linoleate, 
1*125 of dried sulphate of zinc, and 0-66 of manganese rcisinate. 

Formulae for elastic outside varnishes are given by (bffi^ier 
as follows : «. 



lU'sin. 

Oil. 

u 

ThinncrR. 

Vernis k caisses . 

Kilos. 

20 

Kiios. 

40 * 

Kilos. 

40 

Vemis k trains . 

21 

47 

32 

*1 »» 

r 

— 

16 ' ■ 

i 

38 

1*1 litharge, Ct'OTO MnOj 

46 

2, lead linoleate, 1, copperas 
(dHed), 0*6 Mn. resinate 


Vemis A caissos corresponds to finishing body, Vernis ^l^ trains corresponds 
to the hard elastic varfiiSies mentioned above. 
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The proportions given in German literature for body varnishes 
are as follows : 



kesiii. 

Oil. 



Xilos. 

(jut-orwagonlack, Maaoliinonkopallack 

10 

10 

KutsfJionlack 

10 

in-20 

liokoinotivlaok 

10 

10 

KiitsclienUu-k (sohnelllroeknend) 

1 10 

10 


Tt is recommended that no lead driers should be used in finishing 
body varnish(‘s (Seeligman and Zioke). A hVi'iich s])(icifieati()n 
for motor-eoa(‘h work states that oil treated with It^ad should not 
be used. Thi' jm'.senee of lead in the form of an oil soap will 
tend to produce chalkiness on exposure to rain, but it will tend 
to reduce bloom. Anoth<‘r formula for varnish for railroad coaches ^ 
is givt'ii as follows : rosin 10, linseed oil 15, stand oil 0*5 ; driers : 
lead and manganese resinate O-S-l-O, lime 0-1-0 -25, turpentine 
20-35 kilos. 

It is evid(mt that by blending hard body varnish with finishing 
body, desired grades of hardness can be obtained. A firm may 
offer fourh^m varieties of coachbuilder’s varnish, each with its 
own special functions. 

From th(‘ standpoint of a ])rotective coating for external wood- 
work, th(' llritish Aircraft 8peeifieation (2 X. (i, 1020) requires a 
rate of drying of eight hours at 70"' F. (21'' (\) on glass. The dried 
film shall be “ hard dry,” i.e. in such a condition that a second coat 
of varnish could be satisfactorily applied in not more than forty- 
eight hours after application. A film of the varnish on a panel of 30 
8.W.G. tinned iron, after air-drying for twenty-four hours at 21 ° C., 
stoving at 100'' 0. for two hours and allowing to cool for one hour, 
shall stand bending over a ^ in. diameter rod without cracking at the 
point of b<mding. The viscosity at 25° C. shall b(^ 32-05 (glycerine 
- 100, s.g. 1 -20 at 15" C.). A film of the varnish on a clean glass 
plate when dried at 3S° 0. (100° F.) in an atmosphere charged with 
burnt coal gas shall not .web or wrinkle to any apjireciabie extent. 

I^sts for resistance to water, lubricating oils, and petrol : 

D'lirabiJity . — The varnish khall produce a film sufficiently durable 
to withstand for at least six months the deteriorating effects of 
ordinary weather am? service Conditions. • 

Resistance to Lubricating Oils . — ^The varnish shall be applied 
to a glass plate and allowed t« dry for s(iven days at roonr tempera- 
ture, after which time the plate shall be immersed in the lubricating 
oil (castor and/^or mineral) for two fIour|i at 125° F. (52° C.). It 
shall then be removed from the oil and wiped with a spft rag 
moistened in petrol. The film shall not be permanently injured by 
this treatment. ^ « 

Resistance to Petrol . — The varnish shall Jm) applied to a glass 
plate and allowed to dry for sewen days at room temperature, 
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after which time the plate shall be immersed in j>etroi for fifteen 
minutes. It shall then be removed from the j)etrol and allowed 
to dry for thirty minutes. The film after this treatment shall 
regain its original condition and appearance. 

Varnishes for Special Purposes —This class inchides boat, 
yacht, and spar varnishes, which are specially pre]jared to with- 
stand immersion in water ; filling and priming varnishes, and gold 
sizes, which have been alnaidy rohu-red to under filU'rs (pag(‘ 217); 
stoving varnishes for the prot(*c.tion of nu'taJ f)latcs where rafud 
application and great haj'dness are essential : polishing vainishc^s 
intended for decoration of articles not exjunsed to tht' weather, in 
which the finish is obtaified by hand-])olishiMg the ilrual film. 

Boat Varnishes. — A boat varnish should giv(‘ a film im})erm(*able 
to water, able t<» w ithstarul the action of th(‘ sun and weatluu’, and 
not turned milky on immersion in water. Klast icily is essential, 
and ('hina wood oil is becoming more and mon* a component 
of these varnishes. An Anu'iican S 2 )ar vai'nish, which is used for 
coating the woodwork not directly in contact with tlu' water, 
contains 25 galls, of oil ])rr Klb lb. of rissin. From what has been 
stated with regal'd to the water absorjition (jf varnishes, the presence 
of lead with non-poly merised linseed oil is undesirable, and a high 
perciontage of resin, although incri'asing tlu* watcu'-resisting jiower, 
will dejaive the coating of the luot^ssary liastic'ity to withstand 
changes of temjKU'ature. It is i‘vident that jiolymerised oil will 
be an important (M)iuponent. Abstrai'ts <?f^pe(itications (English 
and AuK'rican) will show the r(‘(juirem<‘nts of sc'aplane, boat, find 
s])ar varnish. 

Seaplane Varnish. - The British Standard Aircraft S]M‘cification 
X. 17 (1920) requires tliat the varnish shall b(‘ clear and bright and 
shall bt^ manufacturi'd on an oil basis. It may be supplied as under- 
coating and finishing varieties. The viscosity shall be betwi^en 35 and 
65, as determined by means of an Ostwald viscometer at 25° C. 
(glycerine^ 100). The varnish, when flowed on a glass jilate, shall 
become “ dust-dry ” at 70° F. (21° C.) in not mon^ than twelve 
hours for dual-coating varnish, eight hours for undereqating varnish, 
and fifteen hours for finishing varnish. In the latter case the test 
shall be luirried out both on the finishing varnish separately and 
over th<‘ dried undercoating varnish. 

The film produi^ed when the seaplane varnish is flowed on a 
glass plate and allowed to dry for twenty-four hours at 70° F. 
(21° G.) shall be glossy, elastic, and^reej froiv blemishes, gipd shall 
retain these properties for at least six months under service con- 
ditions. .The (dasticity, webbing, an^l resistance to petrol and ^bil 
have alreMy been descrilied under the requirements for outside 
varnishes. « . 

Mesistance to p^aier.-I-The following conditions have been pro- 
posed by the writer : Weighed glass or^ aluminium plates are 
completely immersed for 1 min. in the varnish at 20° C., and then 
withitrawn at a uniform rate of 1 in. per 10 secs., by means of wire 
passing over a frictiofdess pulley^ The varnished plates are allowed 
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to drain at the ordinary tempt^rature for eight hours and stoved in an 
electrically heated stove at 48''-54" C. in a current of air (5 litres per 
hour) until constant weight is obtained. The plates ar^^ completely 
immersed in N/400.NaCl. aq. (distilled water is unsuitable), and 
weighed after three days’ immersion. Before weighing the plat(^s are 
lightly pressed between blotting-paper to remove adherent water. 
The gain in weight of the varnish film must not exceed 8 per cent, 
and th(^ film must remain clear during the immersion. 

The American s})ecilic-ation ^ for a spar varnish is fulk^r in dc^tail 
and mor(‘ string(*nt. The additional requirements may be sum- 
maris(*d as follows : C'ohiir -Not darker than a solution of b grams 
])otassium dichrofnat(‘ ii\ I(Kle.c.sul[)huricacid (s.g.l *84) ; Flashpoint 
- Not below 35'^ V. F.) ; Nov-mlalILp matter — Not less than 
40 ])er cent by w(ugbt. It shall s(‘t to touch in not more than five 
hours, and shall be dry and hard in not more than twenty-four hours. 

Water BeslsfaJtee. — Tlu' dried film must withstand cold wattT 
for (‘ighteen hours and boiling watxn* for twenty minutes without 
whit(*ning or dulling. 

Working Properties . — ^•Varnish must have good brushing, flowing, 
covering, and k* veiling pro]H‘rties. 

Toughness.- Tlu^ film on metal must stand rapid bending over a 
rod 3 mm. (i in.) in diameter at 70 ’-SO'" F. Full details as to the 
J.iaboratoi‘y Examination an* given in tlu^ Circular mentiom'd in 
th(‘ ref('renc(^ at tin*- end of the chajiter.*’* 

Sieving Varnishes. Th('s(* varnishes an* re(juir(‘d (‘specially by tin 
box makers, 'rhey are stov(‘d at 14O‘"-t0(F F., th(‘ time and tern- 
]iei‘aturo varying according to tlu* kind of varnish and the local 
conditions. If tlu' plat(‘s be d(‘(torated with light colours these 
would darken if heakal too strongly. In other easels speed is the 
imj)()rtaiit requirement. It is thc'refore necu'ssary to produce a 
variety of varnishes to nuH't the varying conditions. The require- 
ments are essentially gr*eat hardness and elasticity to stand stam]>ing. 
Gold stoving for tins must oft(*n be able to resist the action of 
boiling welter and steam without deterioration of the surface or 
detachnuait from the nu'tal. It is evident that th(‘y must be on 
a good copal linseed oil basis, or, if great W'at(‘r- resisting power be 
required, a varnish on a wood oil basis is advisable. 

Plano and PoUsnlng Varnishes. -French ]K)lishing with a shellac 
varnish is beings placed bytspcaial hard oil vftrnislu^s, w-hieli give 
a lustrous finish, resistance to st‘a air and to extrefues of heat and 
cold, and which, uiilil^^ shcllafii, do imt crumble or p(*el off. Besides 
the great sh(a'tening of t^e process, imnjli less slulled labour is 
rt^quired in their application. ^The preparation of the wood previous 
to applying the varnish is more elaborate than usual. It is first 
carefully cleaned and planed, and an oil wood-tiller is applied in 
the form of a paste thiimed to the coftsisteney of a paint with 
turpentine, and well rid)l)ed in against the grain of the w^ood. If 
the pores of the wood are fine a single treatment is sufficient, but 
with coarser -gramed woo(^ e.g. o^k and American walnut, the 
rubbing in must be repeated. T^je filler must be applied so as to 



i36 VARNISHES AND THEIR COMPONENTS 

eave an even surface of wood, free from particles of the tiller ; 
IS it contains a little varnish, drying in about ten hours, the mineral 
natter of the tiller is bound in the pores of the wood (see page 217). 
[n the American process the polishing varnish is appli(;d directly on 
)hc pr(‘.pared surfac(‘, but the German (uistom is to impregnate the 
illed surface with a solution of shellac or collodion. Many woods, 
m(!h as mapl(‘, beech, and lime, are not filled by the oil wood-filler, 
ind require further impregnation. The j)repared surface is lightly 
'ubbed over with sand-paper before varnishing. The varnish must 
;>e of the best quality, must dry hard in about twenty-four hours, and 
be free from tack ; moreover, it must be hard and elastic, and must 
ydeld to the expansion and enntraction of the wood. It must 
^tand superficial polishing and be muther too brittle nor (;ontain 
boo much oil, whereby its lustri' would be reduced on ])olishing. 
in some schemes one coat is applied daily until four coats have 
been brushed on. Th(^ varnish must dry in air in from one to one- 
and-a-quarter hours at the ordinary temjjerature. 

The drying room must be dust-free, and the air should be 
previously washed and warmed and its moisture content maintained 
it 60 per cent saturation. The presence of moisture prevents the 
varnish from forming a skin, whi(;h would r(*tard th(‘ (evaporation of 
the solvent, and permits of complete oxidation. The percentage 
jf moisture must not ristl above 70 per cent saturation, otherwise 
Ljondensation may ensue and impart a net-like pattern to the 
surface. Oval and broad forms of varnish brushes are used. It 
Ls not advisable to allow the worker to add thinners to the varnish 
indej)endently, as it is of importance that the surface should be 
free from defects. After adecpiate hardening the film is flatted 
down with felt and water and pumice, but not so strongly as to 
cause small depressions in the film. The surface is then washed 
and dried with chamois leather. Next day a second coat of varnish 
is applied and after twenty-four hours rubbed down with water 
and rotten-stone. The surface is now semi-lustrous, and in order 
to give a high lustre it is polished with a cotton-wool ball saturated 
with a polishing liquid, or with chamois leather and fine Vienna 
chalk and petroleum. If four coats of varnish be applied, six 
days are required for the whole process, because the work is allowed 
bo remain for two days after varnishing before being hand-polished. 
Another scheme cobsists in applying •three successive coats, each 
of which is stoved in a damp atrnosphqre for ten hours at 80" -90“ F. 
The fourth co|t is stoved at the sanie temperature, but imdry air. 
The work is rubbed down with fine pumice and water, using felt, 
and finally polished with oil and rottei* -stone. The hardening of the 
varnish IxJtween the coats is of great importance. 

In the German system JUger recommends thhining the filler 
with collodion containin| .a soft resin, and after the varnish 
ctoatiiig is applied, polishing the hard surface with^ sand-paper. 
Finally, the fiipshing coat is treated with a collodion thinning 
liquid^ whereby its surface is tardence} and rendered smooth. A 
du^-free ro<5m is unnecessary, hut the lustre is not so good as in 
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the American process, and sand-papering is apt to cause fine scratches. 
Felgenauer (Allendolac polishing process) applies a film of colloflion 
containing resin on the filled surface, then the varnish coating, 
polishing between each coat with sand-paper and wakT containing 
a small quantity of oily substance. The last (^oat of varnish is 
rubbed down with a polishing ball containing polishing oil, alc.ohol, 
and acx'-tont'."^ In th(' final polishing with a shellac, varnish where 
a thin lac film is requin'd, oil must l)c v(‘.ry s])aringly used, and a 
lilth^ celluloid may be mixt‘d with the shelhw^ to impart elasticity. 

Violin Varnishes.— 'riu‘ idfcct of varnish on the quality of a 
violin is a di'batablc subject. All that can be said with regard to 
the varnishes on •famous violins is that they wen^ of (dastic resin-oil 
chara(‘ter. It has Ikhui stattnl that an olcoresin, paj. Venice turpen- 
tine, dissoha'd in linse(‘d oil was ih(‘ basis of the (hemonese, 
Venelian, and Neapolitan varnishes (G. Fry, Varnishes of the Italian 
Violin-makers , 1904). 

Matt Varnishes. In ord(T to reduce the gloss of a varnish 
surface, and at the sanu* time to ndain tlu' protective j>rojxu’tics 
and smoothness, it is customary to (unbody a suitable wax, e,g. 
paraffin wax, in tlu^ warm varnish. On cooling, the wax separates 
out, and it is advisable to warm and to shake before using, so 
as to ensure uniform admixtur(‘. Siidi. a varnish (consists of a 
thin size in which the whit(‘. wax is susjx'nded, e.(j. 70 parts 
of gold size, 15 ])ai ts of tur|)entin(‘, and 2 parts of white paraffin 
wax. Being thin, th(‘. varnish dries rapidly and gives a smooth 
matt surface*. With the introduction of China wood oil the 
pro8j)ectH of obtaining a matt varnish without paraffin were 
improved. The vari(‘.tics containing paraffin could not be stoved. 
Many formula? have been ])ut forward as yi(‘lding good results, but 
the conditions of drying and stoving must bo carefully complied 
with ; excellent results are sometimes produced, followed by 
complete failure if the conditions be varied. Aluminium tungates 
have been recommended in the form of an artificial alumina com- 
pound bound by saponification with the oil varnish. The following 
mixture has been suggest'd : 90 parts oil varnish and 4-10 parts 
basic alumina compound, such as alumina, its hydroxide, or a 
special basic aluminium silicate. These are rubbed together an^ 
the strongly thickciK?d |il'oducts diluted with thinner.^ 

Some matt varnishes conti^in cerbonate of magnesia in suspension. 
The general principle a]>pears to be the holding of the fine pigment 
in suspension l)y mc^s of flij emulsifying agent, or else to mix a 
suitably ground alumina Sompouiid with a varnisH and apply it 
at once ^vith a brush. In this case success will depend on the 
nature and fineness of the*pigmcnt. If a suitable emulsifying 
agent be employed, the mixing wiU remain permanently turbid 
without separation of the pigment. • 

Gold Size. — Gold size is essentially a priming, setting, and 
hardening varnish, and*gives no highly lustrous surface. It can be 
used either alone or as a hardening ^ier when minted with colours. 
The proportioiw of resin tb oil 8ffe more or* less the same in all 
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countries. A French gold size, according to (bffignier, may con- 
tain 17 parts of inanila gum with 25 ])arts of linseed oil and 58 
parts of thipners, with which are incorjjorated 8-25 parts of lead 
linoleatt', 5 parts of dried zinc sulphate, and 1 -7 parts of zinc 
resinate. A Oerman pale gold size will contain 90-7 paits of resin 
for 130 parts of linseed oil, the same resiii-to-oil pro])ortions as in 
the French variety. The driers are added in the form of litharge 
(9-07 parts) and (22-7 ])arts) juanganes(^ dioxide', ])reviously lendered 
soluble in th(' mixing by ti-eatnu'iit Avith 9 parts of nitric acid and 
dried at 140° C. 

The abovt^ rc'late to eoac'h gold size, which ought to air-dry in 
about two to thi'ee hours, .lapaii gold size will b(^'i’cf(‘rred to under 
japans and bituminous varnishes. 

An old foi'muta for an English ja])ann('rs’ gold size is as 
follows : Two lots of 10 lb. aiiitni gum or hard copal are run with 
2 gallons of oil ; after addition of 10 more gallons of oil the whole is 
boiled well for two houi*s, with (;areful addition of 7 lb. of rt^d lead, 7 
Ib. of litharge, and 31b. of co[)peras, and (inally thinned with 30 gallons 
of turpentine. This 'gold size is stated to dry in ten minutes. 
A slower gold size for gildijig ]>urposcs (gilders' size) is stated to 
consist of 8 lb. of co])al, 2 gallons of oil, heated until stringy, to 
which 6 gallons of boiling oil are addt'd, and the mixing thinned 
with tiirjKUitine. Some' lilngli.sh gold size's contain more copal 
resin and less lead oxuh' than in tli(^ above formula, th(^ amount of 
h^ad oxide de[)ending on the A^ariety of siz(i r(*(|uii t'd. 

Protection of Timber. — A specifi<;ation for- the piotection of 
timber has been put forward by the British Engineering Standards 
Association,^ recommending precautions to be observed in treatment 
of the woodwork of aeroplanes, seaplanes, and flying boats. The 
scheme deals with materials for })rotection rather than for decora- 
tion, and includes treatment of internal (unexposed) and external 
(exposed) woodwork. 

The materials shall be applied by means of a brush or spray.* 
In the case of “ priming varnish ” the aj)plication may also be 
carried out by means of “ dip])ing.” Oan* should be taken that 
the whole of the woodwork is complettdy covered with every coat, 
and no coat should be aj)i)lied until the y)revious coat has been 
allowed to bcc*t)me thoroughly dry. Tli(i ])rott^cti\^e treatment 
should be carried out in properly veiitUated rooms, the temperature 
of Avhich should not be below 50° F. (10° 0.), and preferably abotlt 
70° F. (21° C.). t, ' 

‘ I^rotective Treatfltent. 

Glass •/!. — Internal (unexposed) A^oodwork. 

(a) Farts not coming into f-ontact Avith doped fa4)ric : 

Procedure 1. 'fhere Ihpuld be ajiplied one coat of Priming 
Varnish followed by one coat of Internal Wi)odwork Varnish ; or 

* In the applityition of a short o|l varnish hy means of a spray, unless the 
vamisfi bo warmed previous to application ^ a mottled .surface is obtained. 
This does not occur whefi elastic vamiplies are used (see pagp 222). 
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Procedure 2, There should bo applied two coats of Shellac 
Varnish ; or 

Procedure 3. There should be applied two coats of/LVaiispai’ent 
Nitrocellulose Varnish, 

(6) Parts corjiing into <;onta(‘.t with doped fabric : 

Procedure 1. There should be a])plicd one (;oat of Priming 
Varnish followed by one coat of White Dope -resisting Paint ; or 
• Procedure 2. Tlu‘re should be appli(‘d two coats of Trans])arent 
N it roeel 1 1 il os( ^ V^arnish . 

(Uma H . — External (ex))osed) woodwork. 

ParU^ which (ire uof taped : 

(1) Using Varnish. Tlu'rci should be a])pli(‘d one coat of 
Priming Vai-nish followed (‘itli(‘r by two coats of External Wood- 
work Varnish or by one coat of Inbaml Woodwork Varnish and 
on<^ coat of Kxteinal Woodwork Vainish. 

(2) Using Paint. There should be apj)lu‘d one coat of Priming 
Varnish followcMl by one coat of Undercjoating Gj'ey Paint and 
thereafter otk* coat of Aluminium Paint. 

Parts which arc taped (d<dails as to the a])plication of the tape 
are givmi in th(‘ Notes). — Th(^ two methods of ])rocedure are as 
follows: (1) One coat of Underc(>ating Grey Paint followed by 
one coat of Aluminiinn Paint should be a[)pli(‘d to the taiXMl part. 
(2) One (*oat of JkU. 12 Varnish f olio w(‘d by one coat of V. S4 Varnish 
(21). 103). 

For th(' woodwork of Hulls and Floats the details of treatment 
of interior and exterior woodwork are as follows: (a) Interior of 
FloaU. Thert^ should be applual two coats of Bituminous Paint. 
(h) Exterior of Floats’. There should b(' a])])lied to the woodwork 
one coat of Undercoating Grey Paint followed by one coat of 
Aluminium Paint, (c) Interior of Bulls. To the bottom of the 
hull and the underside of the fins then* should b(^ applied two coats 
of Bituminous Paint followed by oiu' coat t)f Undercoating Grey 
Paint. To the remaindej- of the hull there should be applied one 
coat of Ihiming Varnish followed by one coat of Undercoating 
Seaplane Varnish and one coat of Finishing Sea})lane Varnish* 
or by two coats of Seaplane Varnish when such a varnish is supplied 
as a single varnish for b(fth unden^oating ^nd finishing coat. 
(d) Exterior of Bulls, (i.), Below the water-line. There should 
be applied D\o coats* of Bitifminous Paint follower} by one cojat 
of approved Anti-fouling Uomposition. (iv) Above the water-line, 
(a) Using Varnish. There sl^^uld be applied one coat of Priming 
Varnish followed by one coat of Undercoating Seaplane Varnish 
and one ct>at d Finishing Seaplane •Varnish, or by two coats of 
Seaplane Varnish when such a varnish is Aipplied as a single varnish 
for both undercoating tyid finishing coat. (6) Using Paint. There 
should be applied one coat of Prijning Varnish followed by one 
coat of Undercoj^ting Grey Paint and one coat of Aluminium 
Paint. * 
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Black Japans and Bituminous Varnishes. — These preparations 
occupy a spticial position, since they have for their characteristic 
ingredients a bitumen or asphalt. Both gum resin and oil may 
or may not be present, as the asphaltic substances differ far more 
widfOy in their hai'dness and elasticity than the various gum resins, 
and their properties can be modified with greater facility. The 
most important bituminous varnish in the higher branches of the 
decorative craft is known as black ja])an.* The method of jm^para- 
tion, speciiic choice of ingridients, etc., vary widtdy with different* 
manufacturers. The specific purpose of black ja]>an is in the 
production of a f)rownish- black ground of particular transIiKcnce 
or de[)th, tJms differing from ]ngmented ])reparations (black enamel), 
which ap]>ear to i’efl(*c.t their depth of colour from the surface only. 
The main use of black japan in the coachbuilding trade is in the 
treatment of mud-guanls, etc. The varnish is obtained by amal- 
gamating s])eiaally treated oil of great drying power with suitable 
bitumens, in the same manner as described in the iTuxnufacture 
of copal varnish. The japan itself rarely }>ossesses a gi’eat degree 
of elasticity or weather-resistance, so that it requires a coating 
of a suitable finishing varnish. The art of the varnish-maker 
consists in the preparation of a japan of gi*eat degree of de])th 
and intensity of colour without employing so high a projiortion 
of bitumen that solubility of the latter in the ensuing coat takes 
])laee, a condition manifesting itself by the apyjearance on the 
finished work of an undesirable greenish fluorescence. 

The shade is difficult to control, and some jajians give a chestnut- 
black coloured film, due to the variety of pitch used ; the hxi^r 
must be carefully selected and sweatc‘d to remove volatile bodies 
likely to interfere with the lustre and to leave the film tacky. 
The coating ought to stand polishing th(^ day after ai)]^.ation. 
It is difficult to give a general formula for these coatings, as the 
quality depends so largely on the selection of the materials. The 
components are hard resin, bitumens (natural and petroleum 
asphalts), and boiled oil and turpcuitine. The following formulas 
may be taken as roughly representative : 


Hard gum .... 25 

Aflphaltuni or pciroleuiii pitch 8’4 
Boiled oil .... 1«'8 

Turpentine . • * • • 49*8 


1M7 20| 

11.15-9 20 1 
Il-17-t) 20i 
11-17-6 20j 


dries in the [ 

- air in 24 • Cofiignior. 
hours. I 


Another formula contains Egyptian bitumen 12 -6, bone pitch 2-5, 
rosin 2*5, linseed oil 45, timpentine 30, flatting 30. 

Attempts nave been, made to introduce aniline blacks in place 
of the pitch, in order to obtain a more,intensc black, but the addition 
results in the reduction of the dr 3 dng power of the film. 

r 

* The term Jajian, as npdPied to Rubatancea which promote the drying of 
a paint film, denotes ‘generally liquids which dry to a hard film possessing 
Chnaiderable coherence (cf, Japan Drier). Japor. driers give a harder film 
than the oleo-dri^ra, which are elewtic and of a drying-oil character, whilst 
driers are of the nature of a resin varnish cont^^ing resins or rosin 
vmh lead and monganeso. 
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Some japans consist of bitumen with boiled oil and thinners, 
so that there is a gradation from the coachbiiildipr’s black japan 
to the ordinary Brunswipk black used for gratesiand iron work. 
The introduction of Prussian 'blue into the boiled IJnseed oil is said 
to give a fine black japan of good hardness. (JofHgnier gives the 
following formula : 

.hidea bitumen, 19 ; Madagascar rosin, 12 ; boiled linseed oil, 30 ; 
and tiirjMUitine, 39 per cent. ^ 

* Air-drying Black Enamels. These* are made on a similar plan 
to th(‘ coaehmakt'rs’ black japans, but (consist of material which 
is not so caitdully select^‘d, ejj. asj>haltum, rosin, boiled oil, and 
[>(‘troleum thiniu«rs. Some contain only pitch, bailed oil, and 
tur])enl ine, and are m(U’(‘ly Brunswick blacks, for which the following 
formula may lu* considt'nal as fairly representative : 

45 11), pitch, () galls, boihMl oil, and (> lb. litharge, boiled until 
stringy and then cook'd and thinned with 25 gallons of turpentine. 

AnotlK']’ formula, may Im* given, viz. : 

(dlsonite 32 lb,, boiled oil 14 galls., and turpentim' 54 galls. 

A black for iron work is eom]>ound»d »n somewhat similar 
lines, i.(\ : 

Asphaltum 4S lb., boiled oil 10 galls., and 8 lb. dark copal 
gum in 2 galls, of hot linseed oil. As driers, 7 lb. of red lead, 7 lb. 
of litharge*, and 3 lb. of whit(* copperas are incorporated in the melted 
mixture, which, wlu*n cooled, is thinm'd with 30 gallons of turpen- 
tine. A e(‘i’tain amount of coal-tar ])iteh can be incorporated 
with asplialtum to give air -drying black varnishes in which tur})en- 
tin* and ])etr<)l(*um are us(‘d as thinners. 

A (piick air-drying black varnish suitable for all kinds of 
iron work can be made l)y molting 28 lb. of coal-tar pitch with 
28 lb. of asphaltum and boiling for eight hours, with idubsequent 
addition of 8 galls, of boiU'd oil which is incorporated by heat. 
After the addition f)f 10 lb. of litharge and 10 lb. of red lead the mix- 
ture* is boiled until the mass will set hard between the lingers, and 
after cooling is thinned with 20 gallons of turpentine. The varnish 
will tlry in one to two liours. The addition of a small quantity 
of coai-tar spirit (]jhenol and its homologues) will improve the 
solubility of the components of bhuik varnishes, but it reduces , 
the air-drying ])o\v\!r and is generally ri'stricted to stoving black 
enamels. , 

It is evident that the varieties of blacks will be large in number 
and have qx^ lal nanj^is aceb^ling to their requirements. They 
may be br ight nr dead ; e.g. flerlin black used for grates and fenders, 
in w^hich che introduction o^ a black pigment such ag carbon 
black produces the matt appcfarance. (^oach- and motor-builders 
require a blacky japan of first quality for mud-guards, etc., a 
quick black for iron work drying in abouf^an hour, a black petrol- 
resisting varnish of brilliant lustre, dust dry m one hour and 
hardening in two to foul' hours, used for touching up, and a dead 
black metal ])riming capable of stanfiing a great heUt for cylinders 
and motor cars. 
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Reference to British and American sptKafications will give some 
idea as to the requirements to be fulfilled by certain air-drying 
black enamels. 

British Standard Specification for Aircraft Material 

Bituminous Paint (2 X. 9, 1929). — Tht' paint shall consist of a 
solution of high-grad(‘ bitumen, and in addition t(j satisfying clauses 
of this sjieeification shall comply with the special requirements 
of A])pendix 1 (SjXHdal test for bituminous paint : Two coats of 
the ])aint shall be a])])lied to a wooden panel and, after remaining 
sixteen hours in bright daylight, a coat of Tung Oil Gi’ay)hite Paint 
shall be ay)plied. The film of paint shall iKHtomt^ dry after not 
more than eight hours, and shall adhere to tlu' bituminous und(T- 
coating). 

Consistency.- Tlu‘ }>aint shall be of sue!) consistency as will 
allow of easy ap])lication with a brush or spray. 

Kale of Dryiny.— The jiaint, wlnm applied to wood, shall dry 
in not more than six hours at a teinyM^raturc' of 70"' F. to a glossy, 
smooth, hard surface^ which does not become soft or tacky when 
the temperature is raised to 100° F. 

Elasticity. —I'Y lo paint, wdum ap})lied to a strij) of thin plate 
(about 0*036 in. thick) and allowx'd to dry for twent}^-four hours 
at 70° F., shall show’ no signs of crac'king whcui the tin is bent 
round a J-in. rod through ISO” and straightened out again. 

It is evident that this paint belongs to th(' catc^gories of Brunswick 
black or iron-w(jrk black jweviously d(‘scribed. 

Air-drying Black Enamel (2 X. 10, 1920).— (Ao/c. — Tliis material 
is to be used only for toucliing u]) metal parts.) 

Description .— The enamel shall bt‘ suitable for dhxu^t application 
by brush or spray. A single coat shall produce a complete covering. 

Bate of Drying . — The enamel, when aj)plied to a metal surface, 
shall dry at 70° F. (21 ° C.) in not more than eight hours to a smooth 
glossy film. 

Elasticity and Adhesion. — Th(5 film of the enamel shall be 
tested for elasticity and adhesion as follows : 

The enamel shall Iw applied to a panel of 30 S.W.G. tinned iron 
and allow'^ed to dry in a nearly v(‘rtical y)osition for forty-eight hours 
at 70° F. (21° (J.j. The panel shall be bent ray)idly double over 
a J-in. diameter rod and straightmied out again. The enamel film 
shall show no signs of (Tacking at the y)oint of bending and shall 
adhere to the- metal surface. j « 

It is evident that the air-drying lhack enamel is more elastic 
than tjic undercoating bituminous y)aint, and contains a larger 
percentage of oil, and consequently is slower drying. 

An American specification ’ for an asphalt varnish is more detailed 
and stringent : , ^ 

The varnish shall be composed of q, high grade of asphalt 
fluked and hlepded with proy^rly treated drying oils and thmned 
to the proper consistency with a yplatile solvent. It must be 
fesistant to air, light, lubricating oil, water, and, mineral acids oi 
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the concentration hereinafter specified, and must meet the following 
requirements : 

Appearance. — Smooth* and homogeneous ; no • livering or 
stringiness. 

Colour. — Jet black. 

Flash Point (closed-cup).— Not IwJow 30" C. (86° F.). 

Action with Linseed Oil. — Varnish iriust mix freely to a homo- 
geneous mixture with an equal volume of raw linseed oil. 

Insoluble in Carbon Bisulphide. — Not more than 1 per cent, 

N(m-mlatile Matter.— Not It^ss than 40 per cent by weight. 

Fatty Matter. Not k^ss than 20 ])er cent of the non-volatile. 
Must ]x‘. liquid aiid not show any rosin by tlu^ Liebermann-Storch 
test. 

Set to Touch. — Within tiv(' hours. 

Dry Hard and Tough. — Within twenty-four hours. 

Touyhness. — Filtn on nudal must withstand rapid bending over 
a rod 3 mm. (^-in.) in diameter. 

Working Properties. —Varnish must have good brushing, flowing, 
covering, and levelling ])rbperties. * * 

Resistance to Water. — Dried film must withstand cold water 
for eighteen hours. 

Resistance to Oil. — Dried film must withstand lubricating oil 
for six hours. 

Resistance to Mineral Acids. — Dried film must withstand action 
of the following acids for six hours : Sul])huric acid, s.g. 1 -3 (about 
40 per cent) ; nitric acid, s.g. 1 -22 (about 35 per cent) ; hydro- 
chloric acid, s.g. 1*09 (about 18 per cent). 

For the details as to carrying out these tests reference must 
be made to the specification quoted. 

It is evident that the percentage of thitmers must not be 
greater than 60 p(ir cent by wcigJit and the percentage of oil not 
less than 20 per cent of the non-volatile matter. 

It would appear that the s})eeification corresponds with that 
of an air-dr;vdng black (mamel. • 

Black Stoving Enamels. — Black stoving enamels are of great 
variety, and a similar classification holds, as in the case of resin - 
oil varnishes, as to (dastieity, body or visc^osity, and temperature 
of stoving. One -coating, widercoating and unishing, brushing, 
dipping, and spraying modifications are in use. The marked 
difference between clear varnisties and black stoving enamels lies 
in the presence of bitumen,* which may be jionsidered as a neutral 
resin, and of carbon black, the ®ffe(;t of which is to retard the drying 
and to modify the viscosity of the mixing. The remaining com- 
ponents will be drying oils with their attendant driers and thinners, 
chiefly kerosene, since the temperature of stoving vs higher than that 
of resin -oil varnishes, ,viz. 150°-177° 0. Some black stoving 
enamels contain no resir or rosin, butj^generally a certain proportion 
is present, although^t is difficult to identify the resins in the presence 
of a mixture of bitumens, especially if stearine pitches have been used. 
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In selecting the thinners it must bo remembered that the less 
volatile part must be a satisfactory solvent for the bitumen oil 
residue at the ttunperature of stoving. Small amounts of turpentine 
or coal-tar spirit are often add(‘d to ensure comph'te solution of 
all the com]X)netits. Flow and surface are important properties. 
The finisliing coat must have a high lustre and hardness and should 
show no runs or livelling at the edges under the conditions of 
application, dip])ing, brushing, or spraying. The production of 
high-quality coatings demands careful selection of th(' comjxments 
and of their pro[)ortions in the mixing. If an undereoating is 
used, it must b(‘ adherent, to tlH^ surface and b(^ a rust ])reventative, 
providing also a grip for the tinishing coat. It vVill possess small 
elasticity and great hardness, good hiding power, but no lustres 
1’he undercoating may contain a ])igm(‘iit such as (!arbon black in- 
stead of bitumen, and its function is to leav(‘ a dull uniform flattened 
surfac(‘ which will fix the tinishing coat. Occasionally the metal may 
be treat(‘d with an anti-rust preparation or subjected to an anti -rust 
process (Coslet process) prt^vious to the application of the stoving 
enamel. The motal surfjlce must be pro])erly cleaned before appli- 
cation of the undercoat, and if alkaline salts are used these must 
be thoroughly washed out ; if a trace is left on the metal the 
subse(]uent saponifying action on the varnish coat destroys the 
adherence, and the film or lilms are so seriously weakeiu^d that 
they are easily detached. The general def(‘cts will be those of oil 
varnishes, whi(;h will be discussed in a later chapter. 

The com])osition and mod(^ of preparation arc bascxl on the 
incor])oration of sweated asjdialtum and rosin or a resin with 
linseed oil (thickened or polymerised) with a thinner, e.g. 100 lb. 
asphaltum, 25 lb. resin incorporated with 500 lb. boiled linseed 
oil, or 100 lb. copal run with 50 lb. boiled limseed oil with a solution 
of 6 lb. of india-rubber in 200 lb. turpentine or petroleum, to which 
arc added 100 lb. asphaltum, incorporated separately with 150-200 lb. 
boiled linseed oil, and thinned with 400-500 lb. turpentine. The 
mixture is stated to give an elastic black japan. Again, a mixing 
suitable for cycles or sewing-machines is said to be obtained by 
heating together 25 lb. raw linseed oil with 3 lb. Prussian blue 
(for hardening purposes) and 1| lb. litharge, until the mass is a 
thick syrup. It is then incorporated with 5 lb. of a resin and 18 lb. 
asphaltum, and the whole thinned with -turpentine. Another 
published formula is as follows : 5() lb. hard copal incorporated 
with 41 lb. boiled linseed oil (lead ' acetate and whitp copperas 
driers), mixed with 200 lb. fused Anlerican asphaltum, and the 
whole boiled until the mass shreds, The mass is thinned to the 
required consistency. * ^ 

It is evident from the abf/^^e formula) that the principles involved 
do not differ from those described under resin - oil varnishes, 
except in the" length of time of heating, to produce the desired 
viscosity. The; proportions pf the components will depend on 
the requirements and on the temperatqre of stoving. .N. C. Jensen ® 
claims to furnish n^etals withca protective adherent film by th^ 
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application of oil at a high temperature, the film acting as a protec- 
tion against rust and also as an insulator. The us(' of petroleum 
or non-aqueous thinners has been challenged, an(i the British 
Thomson Houston Co.*^ claim that a black japan can be made with 
water thinners by incorporating 5 galls, japan bas(i (asphaltic 
material and a drying oil) with 10 galls, water containing ^ gall, 
ammonia (s.g. () i)j and 10*20 per cent by volume of a 20 per cent 
solution of glue. This d(‘parture on the; lines of a water paint 
is worthy of (careful consideration. Anothcu’ proposal is to prepare 
an emulsion of an as]ihalt oil bast^ in water and to deposit this 
base on th(‘ metal by means of an (‘lec'trif^ ])ot-t‘ntial -difference main- 
taim^d in th(‘ bath e<mtaining the emulsion ; the object to be coated 
is mad(‘ the anod(‘. Thc^ uud-al must Ix^ pre heabxl, in the case of 
large arti(;les, b(‘for(‘ being dip]>ed into the tank. Since the japan 
is de])osited fr(X‘ fi’om solvtuit, tlnu-c' is no resultant drip whcui th(‘ 
work is conv(‘yed to th(^ baking ovens. 

Th(* a])plication of stoving black enamel lias already been dis- 
cussed under varnishes. Th(‘ resisting pow(T of the stoving enamels 
will d(*])end esscmtially 'on the stability, of •the ^binding material, 
and, if on an oil basis, on the natun^ and proportion of the oil. 
Generally, stoving black (uianuds art^ more resistant at the ordinary 
tem])eratur(' to the action of alkalies than resin oil varnishes. The 
sluice gates on the river Nile are (‘xam])les of a structure which is 
subject to attack by alkaline salts pi*i‘sent in the river water at 
certain times of thi^ year. Bitumen sufficient to protect the oils 
and resins used on the sluice gates forms the base of the coatings, 
and the colour can be modified by the use of strong staining 
pigments. 

Black Leather Varnishes. — N’arnishes on an oil basis have been 
largely us(‘d for })at(‘nt kid leatlnu’, although they have l)een partially 
replaced by nitrocellulose mixings. The prepared leather is first 
coated with “ daub,” which is of the nature of a preparing coat 
for covering the grain surface of the leather with an im])ermeable 
finish through which the finishing coats will not peruu^ate. A 
special lead-drying oil containing (per gallon of oil) ()-3 lb. litharge, 
0-1 lb. mangaiK'se borate, ()•() oz. burnt umber, and O-l lb. Prussian 
blue is ])repared. It is essential that the ingredients should be 
in as fine a stati^ of subdivision as possible before addition to the 
oil. The mixture is boiled <%t 50* E. and kejdoat that temperature 
for six to eight hours until a thin jelly is obtained, allowed to cool, 
and the tern peratuii^ raised jio 500°-55()° E. for a further period 
of four to six hours. TUc film must dry in tweflty-four hours ; 
if it does not, the boiling must be continued for five tq six hours 
at 600° E. Th® kmipcraturS is allowed to fall slowly to 100° E., 
and the jelly ^s then thinned witl^ petroleum spirit in the pro- 
portions of 3 galls, to 10 galls, of oil, so a# to produce a thick viscous 
mixing. The mix toe is applied slightly wafm with a wooden 
slicker in a jai)anning* stove at 95 °- 100° E. and carefully spread 
over the grain surface of the leatHbr, the excess being scraped off. 
After the application of tlfb first^ coating, tke skins are placed in 
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the japanning stove until the coating is quite dry, when they are 
removed and exposed to sunlight and air for twenty-four hours. 
Some maiiufo-cturers use a mixture of soluble nitro-cotton, dissolved 
in amyl acjctati?, for the “ daub,” instead of th(^ linseed oil coating. 
The strength of the soluble cotton mixture is about 3 per cent. It 
must not be too thin, otherwise*, it will pem'trate into the leather and 
make it too hard. It is best applied with a varnish brush, the 
leather being given a good coating and then dried preparatory to 
applying the black varnish. 

The fii'st varnish is made on th(^ lines of the “ daub ” and may 
consist of 10 galls, linseed oil, 5 lb. Prussian blue, and 3-4 Ib. 
vegetable black. The oil is boiled twelve hours at a temperature 
of (KM)"' F. and the vegetable* black iniust not be added until the 
com])l(^tion of the oil boiling process ; mf)reover, the oil should 
not be boiled for more than one hour after making the addition 
of the vegetable black. After the application of the “ daub ” the 
surface is pumiced and all dust is brushed off. The first coat is 
applied with a brush. After application of the first coat of varnish, 
the leather is returned to the japanning stove and dried ready for 
the finishing coat. For the finishing coat 10 galls, linseed oil, 2 lb. 
Chinese blue, and 2 lb. manganese borate are boil(‘d at 650'^-680® F. 
for twelve hours.: The finishing varnish is apj)lied after pumicing 
the skins, and in as thin and level a film as possible, After the 
application of the finishing coat, th<‘ leather is returned to the 
ja})anning stove and stoved for at least twenty -four hours until 
quite dry. It is advisable to expose th(5 finished leather for at 
least two days to air and sunshine so as to make the enamel more 
elastic. 

In France the*, requirements for patent leather varnishes are 
elasticity, a certain amount of resistance after drying, and absence 
of stickiness. The film produced must not crack on exposflre to 
the cold or by long usage. The linseed oil used must be “ tanked ” 
oil and free from mucilage. The following formulse are given for 
varnishes for high-(;lass shoes : (1) 100 litres of linseed oil are 
slowly heated to 200° C., when 1(K) grams litharge are introduced, 
and the tcm])erature maintained for twenty -four hours. One 
hundred grams Prussian blue, 650 grams mangam*se borate, 
250 grams manganese carbonate, and 50 gi ams talc are added with 
constant stirring and the temjx'.rature raised to 250° 0. Continued 
stirring is essential, and heating is maintained the following day, 
when frequent tests are made by “ spotting ” the varnish on a cold 
glass plate. ^ .When a test shows that it. has "thickened sflfficiently, 
it is heated for a further quarter of an hour and allowed to cool. 
Fifty to' sixty kilos, of turpentine previously warpicd to 50°-60°C. 
are added.; / The varnish is s%>red out of contact with air. (2) For 
use^ 6 kilos, of the varnish are worked up with 250 grams lamp- 
black and the necessary 'quantity of turpentine added to give a 
workable consistency.) This corresponds td the English “ daub.” 

Another vainish is made' by heating 100 kilos, linseed oil 
at 220° C.^ with 300 .grams litharge foi* one or two days, and the 
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following substances arc added in the order named : 2 kilos, lead 
acetate, 1 kilo, manganese borak', J kilo, manganese olcate, and 
4 kilos, lampblack.. The temperature is then raised to 250°-260° C., 
and heating (lontimuMl until the mass has a tarry cohsisteney and 
sets* when a littki is dropjxid on a glass plate. When required for 
use, 50 kilos, are diluted with SO kilos, of turi)entine, and 2| kilos, 
of lam])bla(;k added. This is passtxl through a mixer several 
times and finally strained. (3) An oil for surface varnishing is 
made by heating 45*3 kilos. Iinse(*d oil with 100 grams of litharge for 
two days at 200'M!., adding l-3() kilos. Prussian blue, 0-45 kilos. 
Syrian asjihalt, 045 kilos, of manganese carbonate, and 50 grams 
verdigris. Th(‘ iem}x^rature is raised at first to 2S0° (!. and finally 
to 300" ('. Wlicji, l)ythe usual test on glass, it is found that the 
heating is sufii(;ient, the mass is cook'd to 80"-100" ('. and 100 litres 
of tur|X‘ntine are added. 

Por varnislu's for furnitures leather, the first and second coats 
are ])re pared on the same basis. For colouring, such pigments 
as ochres, siennas, and Prussian blue arc used, also aniline colour- 
lakes precipitated on kaolin or similar ba^^es.. 

It wdll be seen iFat tlu^ French forinulaj do not differ in principle 
from the Fnglisii. The method is to j)roduce a ])olymerised lead- 
drying oil wdiieh is hardened by th(^ iron of the Prussian blue. 
Chinese blue? causes l(‘ss wask* than Prussian and is more easily 
incorporated. 

Varnishes containing Wood Oil.— In view of the functions of the 
oil constituent in varnish, it is not surprising that atkmtion has been 
directed to the substitution of linseed oil by Pinna w^ootl oil. The 
greater facility w ith w bich a high degree of viscosity can Ix' obtained 
by heat treatment and the greater concentration of glyceride having 
an affinity for oxygen art' pioperties wdiicli indicate the suitability 
of China wood oil as a constituent of varnish. Whilst a film of 
polymerised linseed oil nev(‘r attains a. degree of hardness suitable 
as a protect! \X‘ layer to withstand a reasonable degree of abrasion 
and rc^quires the presence of hard gum resin, the oxidation product 
of polymeris(’d (hina wa)od oil yields a film which compares favour- 
ably with that of copal linseed oil varnishes ; moreover, it possesses 
a lower degree^ ()f susceptibility t-n ci’acking at low k'mperatures. 
The great diffi(‘u]t> of controlling the thic^keiiing of the oil * militates 
considerably against its use^ as ^ he sole constituent of a varnish ; 
in addition, the film acquires a matt surface on drying which is 
undesirable. Ineor])oratioii*wdth gum resins is a matter of extreme 
difficult}’^ ow ing to *the iiigfi temperatures to w^kich the oil is 
subjected, coagulation usually resulting.* In view, however, of 
the remarks abqye. as te the Aitrinsic hardness of the oxidised China 

• • 

* Wood oil acids preparofl from China wfod oil may be heated above 
280° C. without coagulation. If wood oil acids be used the hardest copals, 
e.g. Zanzibar and Angola, o§.n be fUssolvod in a powdered “ unnm ” condition at 
a temperature above 280° C. to give a clear liquid which can be mixed with 
linseed or other drying oils and tliinneft with turpentintl, etc., to give good 
air-drying coatings.* 
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wood oil, the necessity for the introduction of a hard resin is no1 
so urgent, and in order to increase the hardness of the oil film aiu 
to reduce tliie tendency of coagulation of the oil during heal 
treatment, advantage may be taken of the lower toTujx'rature oi 
incorporation requiied for a soft r(‘sin. Iteference has bcx^n made 
in an earlier chapter to })rocesscs for the thick(‘ning of ('hina wood 
oil without gelatinisation. The most successful is the addition oi 
common rosin to tung oil, which allows of th(‘ desired degree of poly 
merisation b(‘ing ol)tain(Hl without danger of coagulation, 

Several advantages are gained by such admixture ; th(^ undut 
rapidity of setting," as distinct from th(‘ attainment of the Tuaxi 
mum increase in weight, is diminished, and tlu* 'liability wliich i 
varnish made from tung oil shows to form wrinkles or “ w('bbing ’ 
rluring drying is oveuTome. Many variations in product are ])ossibk 
by employing different ])roportions ()f rosin anti oil, and diff(‘reneef 
of behaviour during drying may be obtained l)y varying the naturt 
and pfoportion of dritu-, etc.. It is a significant fact tliat, in spitt 
of the prejudice which the consumer has hatl hithertt), in rt'gan 
bo varnishes containing rosin as their sole gum constituent, varnishes 
of this class were found by actual trial ovei- long j)erio(ls to be tht 
only ones satisfactory for the prote(‘tioi^ of “ doped " fabrics or 
aircraft. Varnishes on a basis of tung oil and rosin are now ir 
comparatively largo demand, esi>eeially where^ the varnish filn 
oomes in contact with water, because the emulsion refernxl to ir 
bhe pn^vious cha])ter is not manifested unless the amounf. of metallic 
base in the mixing is excessive. 

A method of pre])aring such wood oil varnishes consists ir 
beating rosin or a suitable acid r(*sin and tung oil tog(‘thc‘r, with the 
iddition of lime and driers. Addition of linsc'cd oil or linseed oi 
icids allows of longcu* heating on the fire; 10 parts of linseed oi 
vith 2 parts of wood oil heated at 280°-290° C. for five* to six hoiiri 
pves a heavy-bodied oil suitable as a light-coloured vehicles foi 
vhite enamels (interioi- or exterior). Addition of lime causci 
vhitening when the varnish film is imnuirsed in water. To over 
lome this “ chalking,” the rosin may be? hardemed by esterificatioi 
kvith glycerine and by blowing air through the melted (;ster (v.d 
jster gums). The webbing or frosting effect is evident in all tunf 
)il varnishes, even if they contain as nuibh as 20-30 iier emit o: 
inseed oil. This c^ffect is the result ,of insufficient heating of the 
nixture on the fire, ^.c. inadecpiate polymcTisation previous to the 
iddition of thiimers. . ' ^ 

Another mtethod of transforming Cl ina wood oil info a non 
^elatisifiig^ modification fs to allow the oil to flow in a fine strean 
through a slightly inclined tube, wftich is kept At the necessar 
lemperatui'e by means of an ^ir or metal bath. I’Jie colour of tb 
changed oil is equal to that of the original ; it dries hard am 
nstrous, and contains no resins. The oil can be thinned witl 
Sutpentine, white spirit, etc. With linseed oil and with stand oi 
t fujcnishes hard and glossy valnishes.^^ 

It must, be pointed out *that wood bil under "certain condition 
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can be heated up to 320° (J. and kept at that temperature for ovet^ 
an hour without gelatinisation. Oreat thickening occurn, but 
without loss of R(5lubility in ordinary solvents : Tlie acidity of 
the oil increases from between 5 and (i to 10-21 and the iodine 
value falls from 165 to 94-103. The disadvantage of this modi- 
fication of wood oil is that it does not yield a hard dry film, and 
the tack caused by the presence of some unknown substance 
restricts its use. It does not “web” as in the case of ])artially 
cooked wood oil. 

iM. Toch, in a j)a])er read before the American C}icmi(ial Engim^u’s 
at Savanah, state's that up to 1914 there was hardly a ])aint or vai nish 
spt'cification which did not ])rohibit the use of rosin, b('caus(^ of 
its various und(‘sirabl(‘ characteristics, n'lidering it unlit for high- 
class paints and varnishes. The advtuit of C‘fiina wood oil has 
now mad(‘ rosin a l(‘gitimat(' material in paint and vai’nish manu- 
facture, and has rr'moved the objection to it on the grrninds of 
friability, high acidity, temlency to become soft and sticky in damp 
weather, to change colour, and to form resinates. When ht'ated 
in coi‘r(K*t proportion with rosin which has b^en ])artially or wholly 
convrTted into resinates of lead or similar eonproimds, ('hina wood 
oil can b(‘ heated to 315” C. without danger of solidification, and a 
varnish is obtained which, although of a fairly high acid value, 
]>ossesses more' remarkable (jualities than the best kaiiii linseed oil 
vai’nish (‘\'ei‘ made. The gloss and hardness of wood oil rosin 
])aints, comjrared with linsred oil paints after a three years’ exposures 
on the Atlantic coast, \ve?i^ e'pjally good and th(‘ tung oil ])aint 
gives a Indter surface for re-painting. Th(‘ demand foi* i*osin in 
tung oil varnishes has raised its ])riee from two cents a lb. to ten 
cents a lb. ; possibly it may in the future become dearer than 
copal resins. 

Sabin states that wood oil varnishes are It'ss durable than 
oleo-rcsinous varnishes of the older tyjx* ; their hardness, brilliancy, 
and remarkable cpuck-drying qualities ensure their general use, 
but where ( xtreme durability is required or where the finished 
surface is to be re-varnished when it beconu's dull, their xise may 
not prove to be economical or satisfactory.* The gcmeral opinion 
on the matter of the durability of woo(i oil varnishes is in favour; 
of Toch’s ex]KTi(‘nce, providc^d that proner precautions are taken in 
the manufacture. • • 

The disadvantages attendant on the acidity of rosin with regard 
to the use of these ^^arnislioji as ” mixing ” varnishes, i.e. those 
intended for use with basi# pigm(mts, are overcome "by substitution 
of the acid rosin by “ hardqjied rosin ” (alkaline eai th, resinates) 
or “ ester guin^^' (glycerine rosin ester). A tyjiical formula for 
a rosin wood oil varnish with a highirosin content, is : rosin, 28-5 ; 
linseed oil, 17-0; China wood oil, ll-5;*lead linoleate, 10; man- 
gancsci resinate, 2*5 ; apd turpentine, 43 per cent. 

* It must be pointed out that although a rosin -woo(J- oil film retains its 
lustre on exposure jthe surface^ shows a network of lino cracks, wliereas a 
resin-linseed-oil film will have become i^ugh and unfEorrnly dull. 
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The production of rosin esters and their incorporation with 
wood oil has already been referred to under Ester Gums. 

There are several drawbacks in the use of these varnishes for 
inside work, because they are apt to bloom unless special pre- 
cautions are taken in their manufaetuni. The rapid setting as' well 
as the polymerisation of the wood oil are conducive to bloom. If 
the resin content is high, they are liabk^ to crack on exposure to 
the weather, but they retain their lustre well. Some rosin wood 
oil varnishes “ chalk ” in wati^r, indicating that the latter has 
penetrated and become emulsified in the film ; this fault, in itself, 
is not very serious. The emulsification is accelerated by the 
presence of the lime, used to harden th(i rosin, and of linseed oil. 

The proportion of rosin to wood oil must be carefully (chosen, 
since it has been shown that excess of wood oil oi* of rosin are both 
undesirable. A wood oil floor varnish may be obtained by heating 
a mixture of 10 kilos, rosin and 5 kilos, wood oil to IIIO^" C. The 
mixing can be worked up with any pigment, even l(‘ad or zinc 
whites, without thickening. Andes {loc. cit.) gives the following 
formula for a wood < oil ' floor varnish: 100 kilos: rosin, 4 kilos, 
litharge, 1 kilo, hydrated oxide of manganese, and 1 kilo, zinc 
whit<; are heated at 260° C. until th(^ metallic oxides are dissolved. 
Fifty kilos, of wood oil are added and the mixture heated to 305° C. 
It is them removed from the fire and cooled to 250° C. and 30 kilos, 
of wood oil are add(‘d. Th(^ temperature is raised to 280° C. and 
maintained for one hour. Aft(‘r allowing it to cool to 240° C., 
it may be diluted with tur|xmtine or a suitable thinner. Zinc 
white is said to be superior to lime for the hardtuiing of the rosin. 

Paracumarone Oil Varnishes. — Reference has been made in 
the chapter on resins to the pro|x?rties of the polymerides of para- 
cumarone and para-indene. The technical resins arc neutral 
bodies, insoluble in alkalies, unattacked by acids, ammonia, and 
soaps, and insoluble in alcohol. Paracumarone resin when properly 
prepared is a brittle, amorphous, rosin-like material. The poorer 
grad('s are black, but those; used in varnishes vary in colour from 
reddish brown (grade E. rosin to W.W. rosin), and are transparent. 
The grades melting above 125° (^. are used, because the more 
fusible varieties give tacky films. King, Uayard, and Rhodes 
describe the manufacture and j>ro})(;rtie!s of oil varnishes made 
on a paracumaron(;t-basis. ^ 

China wood oil containing 15 per cent of linseed oil is incor- 
porated with the resin in the proportions of ^ 5-40 galls, per 100 lb. 
resin. The driers used are cobalt or manganese linoleates (1*5 lb. 
cobalt lin^leate per 100 ‘lb. of oil). The tliinner is a heavy refined 
coal-tar naphtha, distilling above 160^0. The resiikand oil are healed 
together to 290°-300° 0. at the rate of 2-5° C. per ipinute (thfe tem- 
perature of incorporation«is higher with increasing hardness of the 
resin). The mixture is allowed to cool, the thinner added, and sub- 
sequently the drier solution is added below 1 00° C . The drier solution 
is prepared by heating 100 parts of cobalt linoleate with 84-2 parts 
of linseed oil for two ‘hours Ut 200° C., 42*1 parti^ tung oil are added 
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and the heating continued at 200° C. for one hour. After cooling 
to 1(50° C. the mixture is poured into 600 parts of the coal-tar 
naphtha thinner. •The vai*nishes are clear and paler than ordinary 
oil varnishes ; they set in three hours and dry hard in twenty hours, 
givfhg films whi(;h are smooth and brilliant in lustre. The rubbing 
tests on wood panels are quite satisfactory. The varnish films 
when tevsted for water-resistance by the IJ.S. Railroad Administration 
Specifi(5ations for Spar Varnish (1/5/18) showed no whitening. 
The weathering t(^sts gav(^ satisfactory results. Paracumarone 
varnish(‘s are stated by the authors to be superior to resin oil 
varnishes. Th(‘ ad v mintages of the presence of a neutral resin 
incorporat(‘d with wood oil are self-evident, but there was a dis- 
advantage' in tlie thinni'rs being restri(ited to those (‘ssentially on 
a coal-tar basis. 

More recent investigations hav^e shown that linseed, soya, 
menhaden, perilla, cotton se(‘d, and a few other drying and semi- 
drying oils may 1m; u.sed. Cumar gum is entirely soluble in all 
these oils. Various types of thinners, including turpentine, wood 
spirits, and ])etroleum, have been found* suitable. Alcohol is not 
satisfactory, as it is not a solvent for the resin. If lead be used 
as a drier, it must be in the form of a clear liquid drier to be added 
after the lu'at treatment. 

Three types of varnish(;s may be quoted : 

Spar or Long-oil Varnish — 100 lb. cumar ; 20 lb. rosin ; 75 lb. 
lins(*ed oil ; 150 lb. tung oil ; 380 lb. thinner ; and lb. cobalt 
linoleate (solid). The tung oil and rosin are heated to 280° C. 
and drawn off the; fire. When tlw; mi.vture “ strings,” the linseed 
oil is added to chill, then tlie cumar is added and the mixture heated 
to about 510° F. for fift(;en to thirty minutes, cooled, the drier 
added, and then thinned. 

Short-oil or Rubbing Varnish — 100 lb. cumar ; 94 lb. tung oil ; 
14 oz. cobalt linoleate (solid) ; and 205 lb. thinner. The tung oil 
is heated to 470° F. and 75 lb. cumar added with stirring while 
on the fire. The temperatun; is run up to about 277° ; the pot 

is withdrawn and held until a drop on cold glass sets in a hard 
button. The balance (25 lb.) of the resin is adch'd with stirring 
to (heck the heat. It is important to obtain the ])roper bod^ 
without ” stringing.” The; drier and thinner an^ added as in the 
previous case. • • 

In view of its lower acidity cumar resin does not retard the 
gelation ot tung oil af^ffecti^cjy as rosin. 

J. M. Kessler claim# to prepare a lacquer l\^ incorporating 
tung oil with twice its weight of cumarone rosin (m.p. abyve 85° C.) 
and dissolving i» toluene, benzol, xylenes or a similar solvent. 

Cumar Vapiishes will mix readily with other oil varnishes, 
and as they contain no acid resin, thej^ are useful in preventing 
“ livering ” with lead and zinc pigments, in paints, enamels, etc. 
The resin may be useJ as a binder for oil stains and in printing 
inks. The lower melting point grSdes (m.p. 50°-^()° C.) are used 
in cheap inks tp iJody oils.^^ 
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Slushing Oils. — It is oftim dosirablo to protect teiopoi’arily 
bright metal work cither during storage or transit. P. H. Walker 
and L. Steele state that the materials shall ailhere to the metal 
surfaec^s at the ordinary tenpierature and shall remain permanently 
in such a condition that they may be remov(‘d readily by cotton 
waste' netted with kerosene. On polished st(‘(^l brass(‘s and cop])er 
surfaces bc'low KKT' F. tlu're shall be no stain or othei* evidence 
of corrosion within live days. A salt s])ray t(‘st is spc'cified, and, 
when time' ]H'rmits, ])lat('s (!ov('red with the material should b(‘ 
exposed to the w(‘ath(‘r for not h'ss than sixty elays with no ap])reci- 
able rust formation. A formula is ])ut forward comprising the 
us(' of rosin and wax with solid pc'lrohmm j('lly : h ])arts ('andelilla 
wax, 0 parts li. rosin, and 50 ])arts petrolatum, I'.S.P., or 2 ])arts 
(Virnauba wax, 5 parts H. rosin, and 50 parts jK'trolatum, IJ.S.P. 
A more fluid preparation may Ik' obtained by the use of a li(pjid 
kerosene. Th(' so-called slushing oils are made on the basis of the 
above formulaj. 

If timber has to be temporarily piotected, tlu* ])arts, which 
are eventually to be glued, should be first coatc'd with a thin glm? 
size pre])ared from an ap])rov(‘d glm* siz(' and of a concentration 
ap])roximately half that normally employt'd for glueing. The 
part should be allowed to dry for not loss than twi'iity-four 
houi’s, and then be completc'ly covc'red with one coat of shellac 
varnish, both sized and unsized ])ortions Ix'ing thus tiH*ated. When 
the ]>arts an' to be assembled, tlu' varnish laytu* shoidd Ik? eom- 
})letely removc'd (by scra])ing) from thos(‘ ]K)rtions which have 
becin sized and are to form the faces of a ghu'd joint. After 
assembly the ])i‘ote(dive tn?atment, as dtdailed uiifhT the Pro- 
tection of Timber, should be employed.*^ 
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CHAPTER XIV 

l*U()]*KimKS AND DEFECTS OF NAllMSIfES 

The Viscosity of Varnishes. In tli(‘ consitU'ration of th(‘ flow of 
a vai'iiish, vis(‘ositv is of tin* hiiflicsi ini])(>rt'anc(‘. (Vmsisiciicy 
doterniinations of varnislu^s aiv invariably niado to I'lisnro a uniforni 
product. \'i.scosity of a fluid is the ])rop(Tty to which is duo th(‘ 
internal n'sistanct* offered to its motion aiany point with a v(doeity 
different from that at an immediately adjacent point. Diffej'cnt 
fluids vary gi'catly in the rate' and ease \\ith which they flow. 
Althmigh specific gravity may liavc an iin])ortant infliiencc on the 
rate of flow, it is not the dcf-eTiuining factor. Tlie t(*rm body ” 
is ofUui used to indicate* l)oth n^sistance to flow and tlu* quantity 
of solid niaf ter. To obtain a definite ('xpression for the viscosity 
of a fluid, it is nes essary to consider a strc'am in wliich the velocities 
of the liipiid in adjacent parallel planc'S are in ])arall(d directions 
and incr(‘asc uniformly with the* distarne aj)ait of the* planers. 
Under these circunistane(‘s any one plane in the fluid will (‘X(‘rt 
a force* u])on any oth(*r ])lan(* ; the magnitudes of the fe)rc(i will 
depend U])e)n the* area e)f tin* jflanes and \i))on thi‘ir distaneies apart, 
while its directie)n will be in the diree*tion e)f fle)w e)f the^ stream in 
the case of tJie sle)wer moving })Iane, and counter to the flow in 
the case ed’ the faster : i.(\ it will be^ tangential to either of the planes 
considere*el . Expressing these stateinemts in the* form of an e(|uation, 
if F be the* tangential force or drag expei*Umce*d by one* of the planes 
of area, V the elifTci*enee betw(*e'n the vehx itics of the two planes, 
and L be the dislanet^ htd-ween them, granting that V is proportional 
to L, then 

F V 

where >j is a “ coettieient,’^the value of which de})ends only on the 
particular liqui^ b(*tween thir planes and on the*, systefli of units 
employed. The minus sign in the j^bove equation is to indicate 
that the force oT drag is in a direction teryling tt) make the velocities 
of the two planes (xpial. Th(^ numerical value of the coefficient 
is called the viscosity f)f the liquid. The “ dimensions ” of r/ are 
ML * T h The coefficient of viscosity of a fluid|is tlie numerical 
value of the tangential foroe on unit oaosi of, cither of two parallel 

2J53 
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planes at unit distance apart, one of the planes moving with unit 
velocity in its own plane relatively to the other, the space between 
these planes being filled with the viscous substance. 

A distiTU'.tion must be made between the values of viscosity 
expressed in absolute units as above and “ viscosity numbers ’’ 
used in industrial work, which are derived from a comparison ol 
times of outflow of the fluid under consideration with the corre- 
sponding time for some substance arbitrarily chosen as a standard, 
e.(j. water, rape oil, or glycerine ; such valut*s arc independent 
of any scale of units, and are not necessarily ratios of true viscosities. 
In some eases the actual time of outflow of a certain quantity ol 
liquid from a s])e(‘ified type of a])paratus is s}»ok(m of as the 
“ viscosity ” of the liquid, which must be regarded as unsatisf actor \ 
becaus<^ of th(‘ difficulty of correlating results ex])r('sscd in thit« 
way with tlu^ values obtained by other methods or even other 
a])paratus of a similar type. It is true that the standard sample 
method of comparison is the most gcuierally usc‘d, (‘S])ecially in 
control of th(* uniformity of the j>roduct. Nevertlieless it is of 
advantage to select methods in which the viscosity values are 
capable of b(;ing expres.sed in the metric system of units (centimetre- 
gram-second). The term “ poise ” has been select(^d for the unit 
of viscosity on the metric system, r.e. dynes per sq. cm. ]jer velocity 
gradient ])cr cm. of 1 cm. per second. The unit is named afttu 
Poiseuille, and the suggestion, originally due to Deeley and Parr, 
Has been adopted by the Bureau of Htamlards, U.S.A. For liquids 
of low' viscosity th(^ unit “ centipoisc; ” (O-Ol ])()ise) is convenient. 
The viscosity of water at 20^^ C. is nearly 1 centijjoise*, so that 
the viscosity number of a liquid based u])(>n a comparison with 
water at 20° CJ. is equal to the true viscosity of the liquid in 
centipoises. 

Types of Viscometers, —The methods used for the determination 
or comparison of viscosity are many and varied. Then; are four 
types of viscometers in general use : (1) Air Bubble ; (2) Falling 
Sphere ; (3) Torsion (rotating disc or cylinder) ; and (4) Efflux 
(capillary tube). 

(1) Air Bubble Type . — Small tubes of approximately equal 
size and diameter are usc^d. The tube is filled with liquid to a 
mark, and a cork inserted so as to leave' a small intervening air 
space. A tube containing a sample qf the desired consistency is 
used as a standard. When a test is made, the air space in the 
sample to be tested should be of apntoximately the same size as 
that in the standard. The tubes are quh.kly inverted and the time 
rcquirecFfqr the air bubbles to rise to the top or to a certain mark 
in the tube is noted. The test indicates roughly ivhether a given 
lot of material has the same vi^osity as that of the sejected staildarA. 
It is sufficiently accurate for controlling the consistency of varnishes 
made in the factory. 

(2) The Falling Sphere Type. — Viscosity* is sometimes measured 
bjt dropping a stoel ball in a vekel containing the fluid and timing 
the fall between two marked‘points. The method' gives an accurate 
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measure of viscosity for very 
viscous liquids. The velocity of 
a sphere falling vertically in a 
fluid in relation to viscosity was 
investigated mathcmati(;ally by 
Stokes, who derived tlu; well- 
known equation 


where V is tlie *veloeity of tlii^ 
splKTo, r the radius and .v the 
density of th(‘ s])h(‘i(‘, »r the 
density and /; tlu* viscosity of 
the liquid. Stokes’ equation 
applies only to a s])liere falling 
through an inlinitt‘ (‘xtent of 
liquid, but th(^ vi'lqeity of a 
small ‘ sphere falling axially 
through a viscous licpiid in a 
cylinder has b(a*n discnissed 
mathematically by Ladenburg 
and Lord Rayleigh, Allen and 
Ladenburg made use of tlu^ 
principle for th(' det(‘rmination 
of the viscosity of V^enice t\ir- 
pentine under pressure. Shep- 
pard ^ has used the method of 
the falling sphere few the deter- 
mination of the absolute vis- 
cosity of viscous liquids, c,g. 
solutions of nitro(?ellulose, but 
the correction formula for the 
effect of the walls of the vessel 
on the time of fall of the ball 
is not that obtained mathe- 
matically by Ladenburg, Ray- 
leigh, and Allen. Gibson and 
Jacobs ^ have applied the fior- 
rection laid down by the three 
former in\(*stigators,* anc^ find 
that, il spheres be used in tubes 
of the same ^mensions, idle 
only variables are relative den- 
sity, viscosity d! the liquid, and 
time of fall. A simple equation, 





I 

FlS. 32.— 'Balling sphere viscometer. 
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Tand Tj =time of fall f)f the spher(> through a h^ngth s, 

<T and »r^ are the densities of the liquids, 
y and =the viscosities of the two liquids,; 

s obtainc'd resembling tlu^ exjircjssion used for the efflux ]>attern 
)i a ca])illarv viscometer. The method can then bt‘ employed 
A) obtain tlu^ viscosity of a liquid when the time of fall for anothei* 
i(piid of known viscosity is known. Fig. 82 shows the forin of 
ipparatus used in the method. For the exf)erim(‘ntal details 
•ehuence must b(‘ juade to Gibson and Jacobs’ ]>aper and to tlu!i 
liritish standaid methods for the determination of viscosity in 
ibsolut(‘ units (B. Eng. Stand. Assoc., 1028). /riie method is 
mitable for li((uids tlu^ absolute viscosity of Avhich is not less than 
10 poises. For li((uids of lower viscosity than 10 poises the medhod 
s not suitable, owing to th(‘ smallness of the sjJiere na|uircd. It 
s also unsuitable for deeply coloured liquids in Avhieh tlu*. s])herc 
.‘annot be, cl(‘arly observed. A modified form has Ixaui suggested 
by J. E. Hamsbottom ^ which is applicable' for the ([(‘termination 
)f the viscosity of opaque li(piids and for liquids with viscosity 
n poises as low as 0-33. iThe sphere used is a steed ball half rfn inch 
n diameter, provid(‘d with a small hook to which is attach(*d a 
ine thread ])assing over a special pulley of low friction and con- 
lectcd to a counterj)oise. The time of fall of tlie spliere is indicated 
jy the rise of the counterpoise. The viscosity of such a substance 
drawing-ink on the oiu' hand and w'arm asphaltum on the other 
ian be n'adily d(!t(‘rmin(‘d. The nu^thod is ind(‘p(‘nd(‘nt (;f density 
leterminations. With this a})[)aratus th(^ viscosity of opaqiu' 
iquids over a Avide range; can be deterniim'd by simply altering 
Ik; weight of the counterpoise. The formula used is 




P,-P 

•R-IV 


vhere R and R^ are the rates of fall with counterpoises P and Pj 
ind K is tlu; constant of the visconuiter determined by using a 
standard liquid. The following table shows the results obtained 
jy the falling sjdiere method and by OstA\' aid’s capillary tube 
nethod : 

FallliiK Spli^'rc. OKiwalil's ViHcomi'ler. 
(nycorinc at 20^ C. . . . 8'.! poises 8*5 poises 

Furnace oil . . . , l*llt „ 0-112 ,, 

Aluminium dope . . . .8-25 ,, 8*25 ,, 

Tricresyl phosphate . . . „ 2*0 „ 

o ^ " 

(3) Torfiion Type -An instruments of this type a torsional 
^endulum*^ is used to measure viscoKJS resistaneg^. They consist 
‘ssentially of a cu]) containing the fluid the viscosity of which ii^ 
io be measured, and a cylinder which is suspended in the fluid. 

some viscomeU;vs, as in the Doolittle, a cylinder is rotated in 
he fluid and the viscosity is measured by noting the retarding 
sffgct of the flui(^t In the MacMichael apparatus the cup containing 
he fluid is rotated and the Aiiscosity measured by noting the angular 
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distance through which a disc is carried by the fluid. The Doolittle 
viscometer determines the retardation of the rotation of the cylinder 
of standard size immersed in the varnish. 

Doolittle Viscometer* — The greater the viscosity of the liquid, 
the*greater is its slowing action on the torsion pendulum of the 
instrument. The specific gravity has no influence on the result. 
The apparatus consists of a steel cylinder 2 in. high by IJ in. 
in diameter, suspended by a steel wire from a fixed point, the 
wire passing through and firmly attached to a horizontal graduated 
disc. The cylinder is immersed in a vessel containing the varnish, 
and this vessel is surrounded by a jacket containing water or 
other liquid which can be heated to the necessary temperature. 
The wire is brought to the zero mark on the disc, so that there 
is no torsion in the wire. Tlie disc is now fixed and the wire 
turned through a complete circle (360°) and fixed also. When 
the varnish is at the required temperature the disc is released and 
the angular oscillation is observed (!) to right, (2) to left, and 
(3) to right again. The disc is clam}XHl and the wire twisted 
through 360° in the opposite direction. .Tha disc is again released 
and three observations of the angular oscillation are taken : 
e.g. 360° — 0° — 340°-“0°, 332° in the other direction, 0° — 324°. The 
first svdng is neglected and the readings are taken from 340° onwards. 
First complete swing : 340° — 0° — 332° : — 672°. Second complete 
swing : 332°— 0°— 324° : —656° ; retardation 16°. 

The instrument is well adapted for plant control work, especially 
in the case of bituminous varnishes. The greatest difficulty is in 
the interpretation of results obtained by it. It is impossible to 
standardise the dimensions, and an instrumental unit cannot be 
derived. The greatest source of error, and one which makes 
strictly comparative readings impossible, arises from the constantly 
varying rate of shear to which the liquid is subjected. There is 
apparently no way of calculating absolute riscosity from the 
readings. Since the observations are not proportional to viscosity, 
the use of the instniment for accurate research work is doubtful. 
It is of value as a control instrument, especially where it is desired 
to bring a fluid to a standard viscosity. The instrument may. be 
standardised against a solution of cane sugar in water. ^ 

MacMichael Torsion Viscometer. — In instruments of the 
MacMchael and Couette tyi^es the liquid is rojiated by an electric 
motor and the viscosity transmits a pull on a cylinder which twists 
a wire. In the MacMichael^ instrument a cup, containing the 
liquid to be tested an3 in ^hich is suspended a torsiftnal pendulum, 
is rotated by an electric motor. The j^nflulum consists of a disc 
60 mm. in dianjijier and 5 mift. thick suspended by means of a fine 
torsion wire. Diflerent-sized wires c%n be used for varying degrees 
of viscosity. t ^he speed is controlled# and varied by means of 
variable pressure on a disc operated by the ’motor. For high 
viscosities heavier wirei^ or slower speeds, or both, must be used, 

* Cf . Figs. 33, 34, pp. 74, 76, vpl. ii. Fryer ar^d Weston, Oifs, Fata, and Waxes, 

t The torsion wire is firmly fixed in ^ tube, near tlie upwr end of which is 

a UOA Anna] rvArfa brtnwn no. MAnMinhApl dnerrees. 
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The instrunnent is applicable over a wide range of viscosity. The 
readings of the instrument vary directly with the rate of shear. 
It is especially adapted to varnish control work, where it is frequently 
desirable to make determinations on unfiltered samples. The actual 
readings of the instrunumt have little significance and the dimensions 
cannot be standardised. The instrument does not give absolute 
viscosities directly, and, since the standardising of dimensions is im- 
practicable, a unit based on instrumental readings is not possible. The 
results must be expressed through the medium of some standard 
testing fluid, of which either tlie absolute viscosity is known, or 
which at least always shows the same viscosity under like conditions.'* 

Efflux (Capillary Tube) Methods , — Capillary tube viscometers are 
of tw'o forms : (a) U-tube viscometers, (b) Co-axial bulb viscometers. 

The method of determination de}xmds on the (‘quation of 
Poiseuille : ttPK* 


wdiere q - volume of liquid flowing in unit time, P fall in pressure of 
the liquid over a length L in the capillary tube of internal radius H, 
») = viscosity of the liquid. No turbulent flow' of the liquid is 

„ , Absolute Viscosity in poises 

allowed. The Kinematic viscosity- — , . *- ‘ 

‘ Densit}’ in gms. per c.c. 

The capillary should be so selected that the tim(‘ of flow' in any 
determination is not less than 100 seconds. It is convenient that 
the length of the cajallary, the U-tube viscometer, be about 10 cms., 
in which case its maximum diamt*ter, whicih will d(;pend upon the 
kinematic viscosity of the liquid under observation, should be selected 
from the data given in the following table : 


Kincmatic- 

VlHooaity. 


Maximum 

Dlamrtor. 


KiiuMiiiitic Maximum 

Vlw(*Bity. niamotrr. 


1. 0-009.0 072 0 054 mm. 

2. 0-054-0-43 1’33 „ 


3. 0-32.2-50 2-79 mm. 

4. M9-15 3 5-3 


Fig. 33 shows the form of the two varieties of viscometer. The 
time of flow of the liquid betw'een two marks on the instrument 
compared with the time of flow of a standard liquid in a tube of 
the same dimensions, together with the density of the two liquids 
at the temperature of outflow', will give a value in terms of a standard. 
If t and ti be the times of flow of the varnish and glycerine respect- 
ively at 20° C., and d and d^ be their specific gravities at 20'’ C., 
then the viscosity of the varnish is given by 

mui 

(glycerme - 100 is a convenient practical standard) 

In the co-axial bulb viscoeneter the range is flfrim 0 009 to 15 
poises, with internal diameter of capillary from 0 054-0-4 cm. 
F6r details as to use see Standard British methods for determina- 
tion of absolute viscosity (loc. 

#These forms bf instrument are most frequently used for clear 
vai'nishes^ 

^ * Distilled water, 40 or 60 per cenC cane-sugar solution, and castor oil arp 
Moomme]:^ded as standard liquids for calibral^on. 
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For opaque liquids the Lidstone Viscometer may be used. It 
consists of a capillary tube through which the sample is drawn 
by a flow of mercury, the H 

rate of flow being determined 
bv* timing the movement of 
tile meniscus between the (1 fl 0 
liquid and mercury instead ^ 

of, as is usual, that between ^ 

the liquid and air {J.S.C.L, Ijj 

1918,37,148]). I I 

Othtu* forms of viscometers ^ 

are those designed by Red- !!! IL J) 

wood, Engler, Say bolt, (\)lc- ^ 

man and i'iclibiitt.*'* The first ^ ^ ^ 

three ai’(‘ fully described in ^ \ 

many text- books on petrol- \ ^ X 

cum,whilst the Coleman-Arch- 

butt differs from them in ^ ^ 

construc'tion, being made of 

glass. In princij)le the four fl— ([ 

are the same. In the Cole- £ 0 . 9 % 

man - Arch butt instrument 

(Fig. 34) the varnish tube 

(glass) has graduations marked ^ J 

on it for 10, 25, and 50 e.c. ; o,,g ^ 

the tub(^ consists t)f a glass ^ 

I)ipctte, whicli is closed with 

a plug of soft wood. The ^ ^ 

jacket, which is of glass, is * 

filled by means of a funnel G i-ss 

and emptied by the tube 6. O.. JJ 

The tube and jet are carefully 

closed, the jacket is filk'd with 

water at the required tern- 

perature (20” V. or 40° C.) 

and kept at that temperature 

for some time. The varnish 

at the desired temperature is 

poured into the efflux tuljL* 

(closed with a plug) to a point \\\ 

a little aoove the volunfe^ jj ^ 

mark and stirred witfi a t^er- ]j 

momet(T until it is exactly , 

at the require^temperaturef lUl 

The number seconds re- j 

quirod for the escaping oil to • 

reach the zero mark is ob- 33. -Two forms WO^twald'a viscometer. 


served with a stop watch. For the determinations at a higher 
temperature to obtain a ratio nunlber, e,g, viscosity at 20° or 40° 
C./viscosity ^t 100° C., thef jacket may be heated by steam and 
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the observations conducted as above. The viscometer may be 
standardised, as in the Redwood instrument. 

Seaton, Probeck, and Sawyer ’ state that varnishes show two 
types of solution, viz. true and colloidal. They may under certain 
conditions show the Tyndall effect, i.e. a strong opalescence when 
a beam of light is passed through the varnish, although indi- 
vidual particles cannot be 
distinguished by ultra-micro- 
scopic meth ods . The viscosity- 
temperature curves of var- 
nishes (determined by the 
Doolittle method) containing 
resin-oil (not polymeris(^d) are 
curves, whilst varnishes con- 
taining highly polymerised oils 
give straight lines. Decrease 
in dispersion of the compon- 
ents of emulsoid colloids in- 
creawses the viscosity, and 
addition of “ tliinners ” lowers 
the viscosity by increasing the 
dispersion of the polymerised 
components. If Seaton’s view 
be correct, the viscosity-tem- 
perature curve before further 
addition of a solvent 
to a varnish contain- 
ing polymerised com- 
ponents would bo a 
straight line, whereas 
on addition of a sol- 
vent thinner a curved 
lino would result. 
The results of unpub- 
lished expcTiments in 
the writer’s labora- 
tory go to confirm 
Heaton’s conclusions. 
The relationship may 
be of importance in 
, ^ detecting the pres- 

ence of polymerised oil. Further invest gation in thijf direction is 
advisable, . In many varnishes viscosity changes occur within the first 
twenty -four hours of manufacture, but they become e'^nstant in about 
a month’s time, and unless a constant value be reacjhed withiA that 
period the varnish may beccine unsuitable . The changes during ‘ ‘ age - 
ing” are marked in the heavy resin varnishes, because the dispersion 
of the resin is very sensitive to changes of condition, and especially 
t€r changes of acidity. The importance of viscosity measurements 
in standardisaUon of" aeroplane dope and airotaft viinuBhes has 



Fig. 34.— Colcinan and Archbutt Viscometer. 
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been recognised as a determining factor in the flow and freedom of 
working of these coatings. In view of the variety of composition 
of varnishes, the* volatility of the thinner as affecting the flow is 
of considerable practical importance, because two varnishes having 
the same? viscosity may >show different freedom *of working due to 
the inequality in volatility of the thinners, which would be indicated 
also in the values of the 
viscosity temperature co- 
efficient . N o publ ish ed 

observations are availabk^ 
showing the variations in 
the viscosity wifh the resin 
content, although it is 
admitted that the dis|K'r- 
sion of the resin is a 
dominant factor in the 
viscosity. Systematic ob- 
servations on the relation- 
ship of resin-oil content 
to viscosity are much de- 
sired. It must b(‘ pointed 
out that the viscosit-y 
concentration curve in 
aqueous emulsoids rises 
8tee])ly in a curved line, 
whilst the corresponding 
graph in varnishes is a 
straight line. In varnishes 
with large resin content 
there is a marked exalta- 
tion of the viscosity. 

There is no doubt that 
chemical constitution will 
have a marked influence 
on the viscosity, as in the 
case of lubricating oils, 
where unsaturated link- 
ages raise the viscosity 
and conjugation of un- 
saturated groupings is 
accompanied by dticided 

increase in viscosity. S ^ _ 

Pl(ist(meter.~T!he viscosjjby or rigidity may be determined by 
observing the ^lume of flow of a fluid through a capillary of known 
size in a definite time under a kno^n pressure. The rate of flow 
depends on the pressure and on the •diamet^jr of the capillary. 
Where there is no tur^julent flow, a graph for pressure and volume 
of flow per second v;ill be a straigl^ line passing through the origin. 
In the case^ of a jilastic bqjiy there is a re8istan(fe tK) be overcome 
before flow endues ; this is expr^sed as the*yield value and is not 



Kig. 35.— liinglmin and Or? n’s Plastometer. 
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observed in the case of true fluids. There are a number of in- 


struments based on the above method, of which Bingham and 
Green’s ® is most satisfactory (Fig. 35), although Bawtrec’s^ apparatus 
(Eig. 36) is simple to use and gives satisfactory com])arativo resi^lts 
for factory purposes. A defect in Bawtro(i’s apparatus is the 
difficulty in maintaining an even temperature throughout the liquid. 
With ordinary oil varnishes the volume ]x>r unit time and pressure 
relationship is expressed by a graph passing through the origin. 

The principal parts of the Bingham plastometer are : a container, 
for holding the material to be tested, into the lower end of which is 
fastened a capillary ; the air ]>ressure system, which includi*s a 
stabiliser for maintaining constant pressure ; and h flow-meter to 
measure the rate of flow of the substance as it is forced through 
the capillary. There is also a water bath for keeping the container 
at constant temperature and a large air res('rvoir attached to the 
system. 

The container is made of brass and should have a capacity of 
20-30 c.c. It is composed of three sections. The to]) possesses an 
inlet and outlet tube. 'Thb inlet tube (A) is connectcal with the air 
pressme and the outl(‘t tube (B) to the flow^-meter. The middle part 
contains the material to be tested. The bottom part holds the 
capillary tube (F) and a graduated glass receptacle (G). Enough 
of the material to be tested is put in tlu^ container. The dis- 
tance from the top level of the capillary to the surface of the 
liquid is 4 cm. The hydrostatic hea<l wiiich the substance ex(*rts 
is found by multiplying its density by tlu* length of the capillary 
tube plus 4 cm. The relationship between viscosity, pressure, 

KP 

and volume is showm in the expression: Viscositv ^ where 


P — pressure in mm., V = volume per second, K- capillary coustant 

7rT^(f 

of the tubc= , and length of tube. The readings are obtain- 
able in absolute values. 

The Bawtrec viscometer consists of a copper vessel A (150 c.c.), 
which fits into the air chamber of an Abel flash point apparatus. 

^he tube E (capacity c.c.) has at its lower end an orifice 3 mm. 


long and 1 ram, dian^der. Into the upper cavity fits a ball G at the 
end of a rod. The knife edge J is to mark where the fluid fills the 
tube under the pressure of air introdu^ced at D. 100 c.c. of the fluid 
are put in A and the time is taken for E jJ,o be filled under a known 
air presffare. 

Only very small yield values observed 1^ Gardner and 
Holdt if the varnishes are prjpperly made, but where the varnishes 
were stringy and worked badly, a yield value of indication of 
plasticity was obsel ved. In the case of paints there is always a 
jdeld value which varies with the paint. Th6 yield value determines 
to^ large extent ^the tendency bf the material to adhere without 
• running to the surfaces to which it is applied. Im varnishes a yield 
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value is unnecessary, as the tendency to run is checked by rapid 
evaporation and quick setting. If a varnish show any yield value 
it must indicate a change of the components to ^ive a network of 
coagulated material, which may have an effect similar to solid frictjion 
materials, such as paints and clay suspensions. Black bituminous 
enamels resemble paints, in that the thicker varieties show definite 
yield values, and the connection between mobility and yield value 
resembles that indicated by Bingham and Green. For comparison 
of stoving enamels it is necessary that the ^KTcentage of volatile 
thinners be as nearly as possible the same. 



Pressure in grams jter sq. cm. 

Fig. 37. — lielatiouBlitp of flow to pressure in Varnishes. 

A, B, and 0 represent the pressure- volume curves of three oil varnishes (Gardner). D and 
Ef black stoving enatnels (Bawtree’s apparatus). F, Pressvrc-voluine graph of a brushing 
cycle enamel (Bawtree’s plastorneter). 

f , 

Elasticity of Varnishes. — The elasticity of a varnish is a function 
of the oil content, increasing resin contehtratiop causing Jbrittleness. 
A method of cotnparison of the elasticity of long-oil and medium 
or short-6il varnishes has' been investigated by the writer. It con- 
sists in applying varnish to one side of a strip of smotth aluminium 
plate (S'' X 1" or 6" x 2 " of 28 S.W.G.) in such quantity as to give 
a dry film between 04 and 1 oz. per square yard. The varnish 
must be brushed on to give an even coat. The plates are hung 
in a well- ventilated drying chamber and kept at room temperature 
for*4orty-eight hoftrs, the varnisfi drainings having been previously 
removed from the plates difring the first hour of ^irylng. Xfter 
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drying, the plates are exposed to a temperature of 100® 0. for two 
hours, and, after cooling half an hour to allow them to attain room 
temperature, they*are bent through 180° over a quarter -inch rod. 
A durable elastic varnish for outside wear ought to exhibit no 
cracks on the bend. This test distinguishins durable outside 
varnishes from inside varnishes fairly sharply. The ratio of resin 
to oil must not rise above 0-5, otherwise the film will show cracks 
on bending. 


WelgJit of ftfm, oz. per yd. 


P’latting 

. 0*/>49 

Cracks. 


0-293 

Slight cracks. 


1-0 

Cracks. 

Cabinot 

. 0-9(> 


Inside oak . 

. 0-7 

No cracks. 

Elastic outside . 

. 0-9 


0-9 


Elastic waterproof . 

. 0-6 

•7 


H. Wolff applies varnish on metal or paper attached to a 
hinged plate which can be moved through any hngle. The apparatus 
consists of two strips of wood, each having a right-angled edge 
fastenc'd together by hinges. Strips of tinned iron, parchment, 
etc., coated witli the material to be tested are laid across the wooden 
strips and fastened dowm by drawing pins, the strips being slotted 
to permit relative movement with the w^ood plates wlien they are 
rotated about their hinges. Since an angle 90° re])resents the smallest 
angle t<j which a \ arnished strip can be bent on such an apparatus, 
its use is restricted to comparatively ‘‘short -oil” varnishes. 
Por the examination of elastic varnishes a modified form of apparatus 
is used, in which tlu^ edges of th(* w'ood stri})s adjacent to the hinges 
are at an acute angle and an obtuse angle resjiectively, in order 
that such edges may meet when the two strips are laid in the same 
plane. Apjiroximations to the angle of the strip about the edges 
of the board are obtained from readings on a protractor fastened 
to one of the strips and by simple formulfe, the acute angle in the 
bevel in the second apparatus described being previously determined. 
For testing varnishes, strips are bont on their support and readings 
taken at various points, e.g, local cracking, surface cracking, flaking.* 
In the case of very elastic varnishes, which allow bending to the 
fullest range of the apparatus without any faiftirc, repeated bend- 
ings, after allowing a suitable interval for recovery, furnish numeri- 
cal data for the co^nparisoil of different products. Strips of 
a varnish of unknown ccAnposition were^ prepared by brushing 
on one, three, and six coat^ respectively, the thinning of the 
varnish in the Ifest two cases was adjusted to give a thickness of 
coating approximately equal to the Rrst, and strips of the same 
varnish applied by dipping and sprayiRg w^ere compared. The 
results showed that the, highest elasticity was afforded by the six- 
coat strip and a spreyed-on coat, \^ich were almost equal. The 
minimum pr^ortiqn of castqr oil to confer the maximum elasticity 
on a spirit v&nj^h was found to b« 3-4 per cent. It is also stated 
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that the elasticity of spirit varnishes on addition of castor oil shows 
the greatest increase with between 0 and 1 pt^r cent of oil. 

The Hardness of Varnishes.— The craftsman method of testing 
the hardness of varnishes is that of a finger f)r nail test ar^d is 
individually comparative. Forms of apparatus have been suggested 
by Laurie and Bailey, and by Jahns, and arc^ described in most 
text-books. Laurie’s method is dt^pendent on the thickness of 
the film and is only suitable for short-oil varnislu's. Tlie Clemens 
method is simple, consisting of a small balance with oiu^ arm longer 
than the other, like a West])hal. The long arm carries a ]>oint 
on the under side and a pan on the toj>. Wi'iglits are put on the 

_ , 


-t Eievahon *. — 



pan and the dried* varnish coat on glass is put under the point in 
a holder and then drawn along. The weight required and the 
nature of th^ scratch produced ftre thenr considered criteria ol 
the ha^'dness. Brittoi^^^ has suggesteef a list of sixteen crystalline 
subsd^anoos of different hardness on tjie lines of Mohr’s scale. When 
the scratch produced by a crystal is ill-defined of^can be removed 
by rubbing, the film is harder than the crystal used. It must be 
assumed that the crystals possess uniform hardness. H. Wolffs® 
has devised an apparatus (Fig. 38) for tjesting the hardness of a 
^varnish, which consists of a triangle, fornied by three wooden 
strips, the base of which is hinged tq a base-bpard. ^ At the apex 
of the trianele is fitted a iJlunt tknife-edge directed toWards the face 



PROPERTIES AND DEFECTS OE VARNISHES 266 


drying, the plates are exposed to a temperature of 100® 0. for two 
hours, and, after cooling half an hour to allow them to attain room 
temperature, they*are bent through 180° over a quarter -inch rod. 
A durable elastic varnish for outside wear ought to exhibit no 
cracks on the bend. This test distinguisluns durable outside 
varnishes from inside varnishes fairly sharply. The ratio of resin 
to oil must not rise above 0-5, otherwise the film will show cracks 
on bending. 


WelgJit of ftfm, oz. per yd. 


P’latting 

. 0*/>49 

Cracks. 


0-293 

Slight cracks. 


1-0 

Cracks. 

Cabinet 

. 0-9(> 


Inside oak . 

. 0-7 

No cracks. 

Elastic outside . 

. 0-9 


0-9 


Elastic waterproof . 

. 0-6 

•7 


H. Wolff applies varnish on metal or paper attached to a 
hinged plate which can be moved through any hngle. The apparatus 
consists of two strips of wood, each having a right-angled edge 
fastenc'd together by hinges. Strips of tinned iron, parchment, 
etc., coated witli the material to be tested are laid across the wooden 
strips and fastened dowm by drawing pins, the strips being slotted 
to permit relative movement with the w^ood plates wlien they are 
rotated about their hinges. Since an angle 90° re])resents the smallest 
angle t<j which a \ arnished strip can be bent on such an apparatus, 
its use is restricted to comparatively ‘‘short -oil” varnishes. 
For the examination of elastic varnishes a modified form of apparatus 
is used, in which tlu^ edges of th(* w'ood stri})s adjacent to the hinges 
are at an acute angle and an obtuse angle resj)ectively, in order 
that such edges may meet when the two strips are laid in the same 
plane. Apj)roximations to the angle of the strip about the edges 
of the board are obtained from readings on a protractor fastened 
to one of the strips and by simple formulfe, the acute angle in the 
bevel in the second apparatus described being previously determined. 
For testing varnishes, strips are bont on their support and readings 
taken at various points, e.g, local cracking, surface cracking, flaking.* 
In the case of very elastic varnishes, which allow bending to the 
fullest range of the apparatus without any faiftirc, repeated bend- 
ings, after allowing a suitable interval for recovery, furnish numeri- 
cal data for the co^nparisoil of different products. Strips of 
a varnish of unknown ccAnposition were^ prepared by brushing 
on one, three, and six coat^ respectively, the thinning of the 
varnish in the Ifest two cases was adjusted to give a thickness of 
coating approximately equal to the Rrst, and strips of the same 
varnish applied by dipping and sprayiRg w^ere compared. The 
results showed that the, highest elasticity was afforded by the six- 
coat strip and a spreyed-on coat, \^ich were almost equal. The 
minimum pr^ortiqn of castqr oil to confer the maximum elasticity 
on a spirit v&nj^h was found to b« 3-4 per cent. It is also stated 
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of the passage of the metallic ions tlirough varnish films could be 
detected, although they were carefully tested by means of reagents 
inserted between the film and the glass or afuminium surfaces. 
A superficial bloom was observed when varnishes were immersed 
in solutions of salts, but it could be easily removed, leaving a clear 
film underneath, and indicates surface corrosion of the varnish. 
The milky appearance of an elastic varnish immersed in water is 
due to an emulsion of water in the film, which can be increased 
or diminished by the presence of spt'cial components of a varnish. 
This emulsion disappears when the elastic Him dries, owing to the 
evaporation of the water. The film regains almost its ^original 



weight, but it must be ])ointed out that on re-immersion in water 
the velocity of absorption has increased ; e.gr. a film which has been 
dried after five days’ immersion in water shows on re-immersion 
in one day an absorption equal to that of thp first five days’ period 
of immersion.' It would appear as if the capillary passages in 
the semi?pcrmeable membrane had been permanently enlarged. 
Alternate exposure to air and immersion in water red^ices the amount 
of absorption owing to the p^/ocess of oxidation and polymerisation 
of the componenl-8 of the film during the periods of exposure. 
No water-line effects were observed. The varnish films can be 
weighed rapidly with their qharges of albsorbed water' with an 
Accuracy of not less than 1-5 per cent of the weight of the water 
taken lip. In the case of'shorj-eil varnishes or ^heliac varnishes 
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Fig. 41.— Influence of age of oil varnish films on water absorption. 
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the turbidity of the film on immersion is permanent, due to the 
separation of the resin-oil components or to the presence of a resin 
emulsion in water.# 

Further conclusions drawn from the investigation may ^ be 
suntmarised as follows : 

(1) The influence of linoxyn and polymerisation oxidation 
products in the film on the waku* absorption is shown by lengthening 
the jXiriod of hardening previous to immersion, or by stoving the 
varnish or exposing it to bright sunlight or to the light from a 
mercury lamp. The wakr absorption power of the unsaturated 
glyceri(^^s is high, compared with the oxidised or polymerised 
modifications. • 

(2) The presen(H‘ of polynuTised oil inhibits water absorption. 

* (3) Excess of metalli(; driers and bases tends to increase water 

absorption, as well as the cloudim^ss of the film, especially if the 
metals are present in the form of metallic oil soaps and not in 
combination wdth th(^ resin. 

(4) Jh'sin concentration tends to inhibit wat(‘r absorption, but 
after’ a tinu^ the ri'sistance of the film brcal'iS down owing to the 
separation of the resin com])onents. 

(5) Shellac and c(*llulose varnishes are inferior in water-resisting 
power to spc'cial resin-oil varnishes. 

((i) Highly polym(‘rised oil mixings containing neutral resin 
estt'i’s have an cxcc(‘dingly low water-absorbing power, so that they 
are almost wat(‘rproof. Such varnishes contain C3nna wood oil 
and rosin (‘sters, and are superior to most paint lilms in resistance 
to water. 

(7) Lc'ad and manganese seem to act differently in their effect 
on water absorption . It was thought that lead exercis(‘d a polymeris- 
ing cff(‘ct on a drying oil, but tliis cannot be confirmed by experiment, 
and it must be as.su med that it influences (uther the direction of 
oxidation of the drying oil or the degree of gt'lation of tlie oxidised 
oil (linoxyn).^® 

(S) Varnishes with a low-water absorption show a tendency to 
“ bloom,” (‘Specially if the su])erfieial drying of the film be strong. 

The writer attaches importance to the dekrmination of the 
water absorption of varnishes.* Water softens the film and tends ^ 
to make it dust-collectiHg, so that condensation on damp days 
occurs, and if dust has becon^e attached to the^^urfaee no removal 
is possible, esi)ecially if the evenness of the surface has been affected 
by the jn’cseiice of excess of Bi^rface driers. Penetration of water 
reduce.^ the adhesion and mil set up interaction between the com- 
ponents of the film. The *ow -water absori)tion of an elastic film 

♦ In the deio^riination of the water absorption of varnish films the 
following precautiojis must be taken ; • 

(1) The plates dipped in the varnish must lie withiirawn at the rate of 

10 secs, per mch.* 

(2) The varnished plates laust be stoved until constant weight in a current 

• of air of 15 litres per hour. • . . 1 

(3) It is advisable to use (N/4(J0)NaCl instead of distilled water for an im- 

mersiorfperioef of 3 days. 
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denotes a high concentration of linoxyn. Non-penetration of water 
combined with elasticity are the requirements of a durable varnish. 

The water absorption of a varnish film may £:lso be investigated 
by methods suggested by de Waele,^® who, however, has given few 
deCails of the results. The films of varnish were obtained by coatcing 
tinned iron sheets, allowing them to dry for several days, and then 
amalgamating one edge of the sheet with mercury and dilute 
sulphuric acid. In the course of a few hours amalgamation will have 
proceeded sufficiently to allow the film to be detached. Another 
method of obtaining detached films is to apply a film of a long-oil 
varnish on doped linen and, when the film is dry, to soak tte whole 
in water, whereupon the varnish layer is easily detached. H. A. 
Gardner has investigated the moisture and watt^r - absorbing 
powers of varnishes and enamels on different kinds of wood. 
Three coats of varnish were applied to the bare wood, and after 
a period of ten days’ air-drying the ])anels (4" x 8" x J") were ex- 
posed for seven days in a moist chamber, weighed, subsequently 
immersed for seven days in water, and, after removing superficial 
water, the panels we^’e again weighed. The following are a few 
of the results : 



Moistnro, 
fiZ. IKT y<!. 

Wafer 
a])W)rl>e(l, 
oz, i)or s(i. yd. 

Water retained 
after dryinp, 
oz. per aq, yd. 

Bare wood (spruce) . 

7-04 

37 -Sa 

1 ‘45 

Kaw linseed oil, wood })ariol 

0*01 

23-2 

2*18 

Nitrate dope 

4-18 

21-5 

4-7 

Pigmented oil dope . 

2 04 

r>'4r> 

3 ‘02 

Shellac 

0-52 

1-48 

1*21 

Spar varnish . . . . 1 

()-87 

0-5 

. 0-32 

Enamel containing spar varnish 

oi:i ' 

j 0-68 I 

0‘3tt 


Wood contains ordinarily 11-J5 per cent of moisture. 


Defects of Varnishes. — ^It is not surprising that with such 
complex and delicately constituted combinations as copal or 
bituminous varnishes great liability to defects after manufacture 
‘are experienced, unless control under strictly regulated conditions 
be insisted on. /The lack of knowledge of the reactions involved 
and of the properties of colloid solutions, as well as of their surface 
characteristics, is such that defects in varnishes are very common. 
Many of the SQ-callod defects may ife traced 'to (1) improper or low 
quality*materials ; (2) careless or inexperienced conditions of manu^ 
facturjB ; (3) variation inratmospheric« conditions} 

Cracking of the Film, Flaking, etc. {Vernia crevaasani; Spring^n. 
Reiaaen oder Brechen der^ Ooerfldche). — Sometime^ the previously 
dastic film of varnish may harden and become so brittle that 
cracks will appear, more especially if variations in the atmos- 
pheric temperature have beeh severe. The elasticity mu^ l?e 
carefully considered,, so that during the hardening the flexibility 
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must be as -great as possible to stand exposure to the sun ; whereas 
in a situation sheltered from extremes of temperature the hard- 
ness must be as great as possible to withstand reasonable wear 
and tear. [ The presence of too high a gum-resin content for ihe 
reqfiirements will favour the formation of cracks. Cracking of a 
film due to this cause usually manifests itself without any other 
attendant phenomena. If after a period of exposure the film 
^sumes dullness, which appears as an iridescence when viewed 
in bright sunlight, the loss of lustre is due to the* destructive oxidation 
of the diying oil, especially when over-treated witl) driers and not 
previously polymerised. An examination of the surface will show 
a netw'ork of finocracks, at first of microscopic size. This is notice- 
able in linseed oil varnishes far more than in those containing 
China wood oil or stand-oil. Occasionally wood oil varnish films 
may show cracks due to the presence of an excessive amount of 
rosin, without loss of lustre, i The rapid and progressive oxidation 
of the drj^ing oil will result in a loss in weight Ix^yond the point of 
maximum increase, with a resulting contracstion in volume. A rarer 
cause of cracking arises from the application ^f the coatings in the 
wrong order ; e.g. the application of a relatively less elastic under- 
coating on the top of a finishing varnish, whereby the less elastic 
superficial layer is unable to withstand extremes of temperature. 
eVacking may also be due to a lack of adhesion between varnish' 
films ; e,g. a coating of oil varnish on shellac*, may crack owing to 
uneven expansion and contraction of the two layers. CVacking 
may also be due to application upon a layer incompletely dry or 
too thick. More attention should be paid to the rate of expansion 
or contraction of the materials to be covered, as well as to the 
’ protective undercoats and to the general adhesion to the surface. 
The flatting or keying of coatings acquires increased importance 
when viewed from this standpoint. There is no definite information 
available beyond the results of experience, and further consideration 
would be valuable, as well as a study of the slow devitrification 
of gum-resins on exposure either alone or incorporated with oil. 
It is evident that the above defect is due partly to faulty manu- 
facture and partly to neglect of precautions on application. A 
paint underooating, containing pigments which accelerate the drying • 
of oil, if not properly haVdened, will cause catalytic oxidation of 
the finishing coat and hasten*ciacking due to Iphe diffusion of the 
drier. 

Wrinkling, Rivellin^ (vemi% ManU striant ; Fatten- oder Runzel- 
ziehen). -Tins appears as ^puckering of tljje varnisR film where a 
thicker layer has collected owing to flow. ,With the exception of 
short-oil varnisiKJS, which harficn more by evaporation of solvent 
than by oxidatiem, it is a defect whic^i will appear when the film 
has been carelessly applied. Expansion iA volunje of an oil occurs 
simultaneously with absorption of oxygen followed by a contraction 
in volume of the film, bflt the increqjpe in specific gravity does not 
correspond with the weight oj the oxygen absorbed.^ 

Varnishes showing a tendency tq skin-over fti bulk often wrinkle 
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on application. The formation of wrinkles is an indication that 
the second part of the reaction, * 

A + O 2 = AO 2 
AO 2 + A 2AO, 

indicating transference of oxygen from the surface layer to the under 
part of the film, is incom])lete. A hypothesis is put forward by 
H. Wolff, who points out that the rate of oxidation of a thick film 
of varnish is greatcu- on the surface than in the body of the film, 
owing to the non-penetration of the activating ultra-violet rays. 
Expansion with approach to completion of solidification \yili occur 
on the surface independently of and in advaneu* of dhe under layers. 
The defect is (‘specially noticeable in varnishes enntaining cobalt 
and manganese (surface driers), as distiiu^t from those containing 
lead and c(‘riuiri,^^ especially if the cobalt and manganese arc 
present in excess. The thinners also ])lay some part in the ])heno- 
menon of wi inkling. H. Vollmann found that varnishes })repared 
on the sanu^ base, using as thinners tur\)entine, solvent naphtha, 
tetraline, petroleum (k.]).128‘'-l76° C.), primary benzol (b.p. 60'" C.), 
and petroleum (b.p. 05"-94° remaiiK'd, wfith two exceptions, 
practically free from wrinkles when kept under r(*d glass or in 
the dark for six months without fn^e acet^ss of air. The two 
exceptions (benzol and low' boiling ])oint petroleum) were more 
wrinkled under white light than in the r(‘d light or in the dark, 
but remained perfectly smooth in the chamb(T where there was 
no free access of air. The use of highly volatik* thinners is conducive 
to wrinkle formation. The lack of free acc^ess of air might have 
prevented wrinkling through slower evaporation of the solvent and 
slower oxidation of the drying oils. Immature varnishes may show 
ri veiling. 

Pinholing or Pitting { N(idell6cher),-^The surfaces shows numerous 
depressions due ])artly to deposition of })articles from an insufficiently 
matured varnish. The nuclei are generally gum -oil particles which 
are floating in the varnish due to defects in manufacture or to the 
use of exet^ss of non-solvent thinners. Warming or addition of a 
true solvent will generally remove the effects, or the particles will 
be slowly deposited on tanking. Improper mixing of varnishes 
will often produce pitU^d surfaces due to the separation of some 
components of the mixing. Oils free fi;om foots and break, asphaltum 
and bitumens, which are freely soluble after cooling, carbon blacks, 
finely ground and free from grease: 'and m[neral spirits of ])roper 
rates oj evapefl'ation, must be selected ^to avoid pitting and crater 
formations in black Japan films.^i The cause of pitting in black 
Japans is considered to be stearine fi*oni varieties sJ stearine pitch, 
and may be avoided by use of lighter grade petroleums . 22 

Cisaing {verni§ repowsarU un gras; kriechen). — This term is 
used to describe the phenomenon occurring fl^hen oil is applied to 
a damp surface, or vice versa ^ and consi^s in the contraction or 
fetrogression 0 ? the film to produce separate drops of lesser 
surface^ It indicates th^ exi^stence of high '’interiacial tension 
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between the varnish film and the surface, which may be another 
varnish or a metal or a pigmented surface. ' Cissing usually occurs 
after the application of a varnish film to a glossy undercoat 
which has not been properly rubbed down by pumice powder to 
provide a ‘‘ key ” to the following coat. Sometimes a film will 
dry to an even surface in the air, but on stoving the defect appears, 
esjx'eially if the mixing contain gum-oil ])articles in suspension. 
vTh(‘ d(de(;t would ajjpear to be connected with the rate of eva])oration 
of the volatile thinner, as well as with its solvent properties, because, 
if the volatility of a petroleum thinner be r(‘f]ueed by addition of 
turpentine, (‘issing luay be j)reventedi 

The inhibiting effecd of flatting is ]>robably accounted for by 
the modification of the “ angle of contact ” conseipient upon the 
roughness of the flatUul surface. (Hssing may also be prevential by 
varnishing over tlu‘ uiidtTcoat, which is still on the tack, i.e. before 
it is (piit(‘ hard and dry : and then more conijilete contact takes 
])lace owing to a slight mutual solubility of the up]){‘r and under 
surfaces. It may t‘ven ocmir Avhen rubbing down of the under- 
coat has been done, and is attributable to*the^iewness of the varnish, 
which neial not bi* so new as to be cloudy. Tt is probable that the 
microsco))ic disjH'rsed fiarticli's which separate on the rapid eva])ora- 
tion of volatik* solvents act as nuclei similarly charged to the bulk 
of the medium, and consequent rc])ulsion around the nuclei takes 
])lace or seh‘ctive ab.sorption of tlic components of the film. The 
I'cmcdy is the addition of a solvent w'hich wdll hold the microscopic 
particles dissol\i;d until the film has set. TJie i‘xplanation of 
cissing is occasionally difficult, but the sweating through of an 
immiscible component of a previous undercoat, e.g. a bituminous 
undercoat, may be the cause. Washing of the undercoat with 
dilute sodium carbonate or rubbing it over with whiting may remove 
any danger of cissing. 

Bubbling. — The apIX^arance of small bubbles during application 
of a varnish, changing subsequently to pinholes, is a trouble 
generally due to too rapid an application. Too low a viscosity 
owing to excessive thinners favours the formation of bubbles, which 
consist of air entrapped wathin a rapidly drying thin varnish film. 

Blistering ami Peeling (vernis sautant, secaillant; Bla^enziehen).—^ 
These are due to the ^«ame cause, viz. enclosure of ultimately 
volatile or e\* ii gaseous j)ijpducts within vatnish films. A soft 
undercoat of paint containing oil or fat of*a non-di-ying character 
is considered to produce by tU: expansion a swelling of the surface. 
Water may also be the cajse, it being absorbed dunng th^ flatting 
down and not expelled before the application of the next coat. 
Reference to tlte water- absorbing properties of varnishes will show* 
that this explai^ation is most probablj^ incorrect, owing to the com- 
parative permeability of the varnish film watei;. Solid impurities, 
often metallic soaps (driers), arising from imperfect maturing of 
the ^yarnish, set up loc^l points of^decomposition of the oxidised 
film immediately in contact ^with the undercoat, w4th development 
of gaseous pA)ducts of decompositign, which afe unable to penetrate 



276 


VARNISHES AND THEIR COMPONENTS 


the surface him. These gaseous products may arise from the 
action in the undercoat of driers which often contain water. 
Exposure to the sun or stoving in a damp atmosphere on a soft 
undercoat encourages the formation of blisters for the reason just 
given. Generally the (sommonest cause of blistering is to be found 
in the inadequate hardening off of the undercoat before the appli- 
cation of the finishing varnish. The examination of transverse 
sections of blisters of paint films would be of value. 

Peeling is the result of the application of a varnish coating 
on an undercoat containing too much drier, for the reasons given 
above as to the cause of blisters formed round the n?:clci of 
particles of drier. This defect will not occur if the ^surface has been 
properly rubbed down previous to the appliesation of the finishing coat. 

Chalking (vernis blanchissant )* — The whitish transluciuicc of a 
varnish film on immersion in water is due to an emulsion of water in 
the film, provided that the opacity disappears on removal from the 
water and subsequent air-drying of the coating.-*"* It is most marked 
in elastic linseed oil varnishes, and its intensity is a function of a 
nu tuber of variables \Vhicli have been referred to under the water 
absorption of varnishes, viz. the thin -oil content, the amount of 
basic oxide, lead or lime, and the age of the film, i.e. the amount 
of linoxyn or polymerised components in the varnish. The presence 
of polymerised oil or China wood oil inhibits the opacity, and the 
.neutrality of the mixing has the same eff(H;t. Some authorities 
state that chalkiness is not detrimental to the durability of the 
film, but it must be admitted that the formation of an emulsion 
will affect the adhesion of the film to the surface. If varnishes of 
an elastic character can be produced which remain clear in water, 
they ought to be preferred. The danger of the surface becoming 
spotted, due to the imprisonment of the emulsified water noticeable 
in fresh varnish films, is serious. The older a film is before it is 
exposed to moisture, the smaller will be the amount of water 
absorbed and the less the intensity of the whiteness. It is generally 
advisable for a varnish to have as long a period of air-drying as 
possible before it is subjected to the action of water. To avoid 
the defect of chalking, certain important principles must be adhered 

in dealing with elastic varnishes : 

(1) The water absorption must be low, i.e. the proportion of 

polymerised oil muSt he as high as possible, a fact which favours 
the use of China wood oil, and the polymerised oil must be capable 
of drying hard^ and free from tack. ' r 

(2) If thin linseed pil be present, (“he amount of lead, lime, 
or other metallic oxides must be re(Juced as much as possible, or 
the metals must be in combination with the gum adlds in the film. 

(3) If the acidity of the^resin be reduced the -reduction must 
-be brought about <by traifeformation into a npn -emulsifying ester. 
The presence of lime in rosin produces chaljting. 

The use of jrosin or rosin , esters in China wood oil varneshes 
^as produced filfns which sl^ow no opacity in distilled water. 

♦ Chalking of vamislies must not ba confused with chalking” of paints. 
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H. Wolff has experimented with varnish surfaces exposed 
to the action of water, the water being varied with respect to 
dissolved air and oxygen. He concludes that any action which 
attended the experiment was due solely to the water and not to 
thl dissolved gases. 

In sea water chalking is much less pronounced, and it is quite 
easy to remove the milkiness from a film by soaking it in N.NaCl 
solution, which will reduce the water absorption to a low value. 

The presence of substances which increase the water absorption 
will tend to increase the milkiness. The addition of a lead drying 
oil, ahi^ough diminishing the wetting power of the surface, is found 
to increase the* water absorption and the opacity of a film. It 
must be noted tliat lead in a polymeriscid oil varnish or added 
in the form of a resinatc does not produce a marked c*halking effect, 
partly owing to th(* nature of the oil and partly to the slight water 
absorptive power of the film ; moreovt'r, it is possible to introduce 
into a varnish substances which inhibit the emulsification of the 
absorbed water. Tht‘ addition of wax ((/arnauba or lieeswax), 
which does not remain in solution and gives»a cloudy film, is found 
to have no effect on the w^ater absorption, although the surface 
tension of th(‘ film to air is greatly increased. With increased 
gum content the rnilkiness is ri'duced, provided that emulsifying 
metals are abs(‘nt, so that in the case of a “ polish ” the water 
absorption is much reduc(‘d, and the film remains clear on immersion 
in water for a very much longer time than in the case of an elastic 
varnish. 

In the ease of shellac or spirit varnishes containing resin the 
w^ater absorption is comparatively high and, chalking appears 
quickly, and does not disappear w^hen the film is removed from 
the water and allowed to dry in the air. The opacity is permanent 
and the emulsion formed is one of the resin as the disperse phase, 
in contradistinction to the emulsions of the elastic oil varnishes 
which contain water in the disperse phase. 

Bhoifi (Vernis voilant ; Wolkig- oder N eUigwerden), —MMch. 
has been written on ‘‘ bloom,” and no agreement as to its cause 
has been reached. The problem is, how^ever, closely related to 
that of chalking, and affords an interesting example of the application 
of the principles of th^ jihysics of the surface. The explanation 
put forward b> the writer (;i>usiders, firstly, the changes occurring 
during the drying of a varnish film, and secondly, the changes 
which occ-ur after it has set hgrd. 

I)r3dhg is an oxidation and gelation process, afid the nroducts 
depend on the nature of*he driers empli^ed, as lead ^cts in one 
way, mangan^ie and cobalt ih another. Extensive oxidation of the 
drying oil by superficial driers (ma»ganesd and cobalt) will tend 
to produce a superficial film of linoxy», which will subsequently 
become uneven. The part played by the drier is an important 
factor in the consideration of bloom The first stage of blooming 
is tne production of a veil or superficial bloom Jdue to a film of 
moisture and duU which *has collected on the microscopically 
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uneven film, and which retards the thorough oxidation of the 
film, while the dust becomes embedded in the moisture-softened 
surface. If this bloom be washed off soon aftei* its formation, a 
(ilear surface is left, but it may be covered again by more bloqm, 
also removable by water, h'aving a bright surface, which may or 
may not become dull, de])ending on the nature of the varnish. If 
the veil be not removed by washing, the film of water continues 
to gather dust and will gradually penetrate the varnish coating 
and cause a change in the dispersion of the resin-oil component of 
the linoxyn with loss of transparency. Tlie amount of water 
absorbed is so small in quantity as to be unweighable. Tlvis per- 
manent bloom does not disappear under the oi dinary variations of 
temperature. By addition of suitable inhibitors of dispersion 
changes to the varnish during its manufactuTC', and by th(5 incor- 
poration of substances which j^reserv^e the smoothness of the surface 
and prevent condensation of inoisture, it is possible to prevent 
temporary and permanent blooming in either linseed oil or C^hina 
w'ood oil varnishes. It must be remembered that the presence of 
any ingredient which ttill interfere with the uniform setting of or 
produce a change in the film surface subsequent to setting will 
favour condensation, so that th(‘ introduction of viscous oil into a 
varnish mixing may produce bloom. The causes of blooming as 
set out by the writers of varnish text-books are Tuany and varied. 

Coffignier states that varnishes become white owing to the 
presence of resins of inferior quality, e.q, rosin, or to excess of 
driers (hernia blanchissant). Bloom {i^arnis voikint) may be due 
to insufficient sweating of the resin, lack of elasticity of the varnish, 
foul gasiis in the air, or too ra])id cx])Osure to moisture before 
hardening. ) “ Si le beau brillant est obtenu avec une resine dc 
qualite inferieure il ne tarde pas a disparaitre, la surface devi(mt 
mate et quelquefois les vernis blanchisfieni, et ne restent })as sur 
I’objet qu’ils recouvrent. Slous la simple action de riiumidite ou 
de la pluie le memo phenomene pent se produirc. Dans ce cas, 
on pent etre certain que le vernis est a base de colophane ” (this 
apparently applies to chalking). “ Quelquefois le brillant disparait 
par suite de la production d’une sorte de buee a la surface qui 
parait recouvertc d’un brouillard; on dit que le vernis voile. 
Or, on a constate le fait avec de bons vernis. II jxmt se produiro 
s’il y a condensationrde Teau pendant ie sechage ou sous rinfluence 
de certains gaz contenus dans I’air. Une mauvaise cuisson de 
gommes laissant des corps huileux pent conduire -a des vernis 
voilants,.; mais* s’il est possible de troHver des explications pour 
certajns cas, il en est d'autres oh, a)i contrairc, il est a peu pres 
impossible de savoir pourquoi un vernis a voile.” 

According to the explanation given above it might be considered 
that the acidity of ^the- filffi is a factor in the qpndensation, and by 
acidity is meant the water-soluble acidity arising from the resin 
or the oxidation products of the oil. Manganese and cobalt* will 
%e more active hi producin|^ bloom th^n lead driers, and similarly 
a short-oil vatnish containing nvinganese and cobajt 's^lL condense 
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water more readily than a long-oil varnish containing lead. Certain 
long-oil varnishes are, however, able to condense water and to 
bloom. The changes in the water-soluble acidity of a film of dried 
varnish not containing lead has been referred to cdsewhcre, and 
it Tias been found that the values are far higher than those of the 
original varnishes. The water-soluble ac;ids are volatile, as is 
indicated by the reduction in their amount after the film has been 
exposed to mercury vapour light, and also in the reduced condensa- 
tion on exposure to moisture after the mercury light treatment. 
Nevertheless, it has been found that the water-soluble acidity is not 
a factor in either condensation or bloom.* 

Wolkiy-, Rmchiy- oder Nehliywerden (reifiy), Anlaufen, Ranch 
bekommen, are the terms used in Germany to describe the same 
phenomenon. 

Seeligmann and Zieke (p. 793) state : “ Die wahrscheinlichste 
lirsache ist die Kondtmsierung von Keuchtigkeit auf der noch 
nicht erharteten Lackschicht.” 

In dani]) climates bloom is more frecpient than in dry, and can 
in many cases be refnoved by washing. • From the writer's experi- 
ence, bloom can be detecU‘d in a few days at any time of the year 
by the mist formed on a dry film of the varnish on glass partially 
immerst'd in wat(*r. It can ocrcur with the same varnish in 
one place and not in another. The colours in varnish exert no 
infliumce on the bloom. Weathering is said to be a factor, and 
the content of low quality resin is said to make the film hygro- 
sco])ie. The preparation of a non- blooming varnish requires 
experience and knowledge' of varnish (‘om])onents.‘‘^'* The control 
of uniform and regular setting and hardening of the film depends 
on a numbci' of factors ; moreoviu’, se])aration of material in the 
film itself may affect the evenness of the surface and })roduee 
condensation. It would appear also that the presence of substances 
which by their action will produce the slightest degree of unevenness 
of the film will produce surface condensation, and in most cases 
bloom is traceable to such a cause. Microscopic silkiness must 
occur before condensation appears. 

An American explanation of blooming or blurring is that due to 
poor material, but in wet weather the trouble may a])pear on the 
best possible finish, altlfough it is usually corrected by washing tlfe 
film with water* and allowing it to stand in the^sun. In th(^ opinion 
of the writer the influence of turpentine sifbstitutes in encouraging 
bloom is vf^ry doubtfgl. Thft/)ld practice of washing down a varnish 
film with water a few days after application removes the film of 
dust and moisture held oy the aupcrficia*! acids which retards the 
hardening of %he surface. • 

It is advisable to ventilate roomsiin which varnish work is being 

done, and to keep the floors dry and fref from dust. 

• 

* Chalking and bloorniiro closely connected in the short-oil resin varnishes 
ancP appear to indicate a change in the dispersion of the j-esin oil component. 
The temporary chalking of lor}g-oU varnish films is due to emulsion of water 
in the film, \fhicji disappears when th^film Aries. • 
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Webbing, or Crocodile Skin . — ^This defect appears at first sight 
to simulate cracks, but it is really due to a puckering orrivelling 
of the surface, the excess of film being drawn up* into ridges which 
form the boundaries of a pattern work. It occurs when China wjod 
oil is pi'esent in a varnish, especially when the oil has been in- 
sufficiently cooked or polymerised during its incorporation ; more- 
over, it depends on the conditions of drying ; e.g. in the dark or in 
the absence or low concentration of ultra-violet rays. The webbing 
may appear in an atmosphere highly charged with carbon dioxide, 
although under ordinary conditions it may not occur. Since so many 
varnishes now contain wood oil, a webbing test is of considerable 
importance. The test adopted in the British Standard Specifications 
for Aircraft Materials (2 X 6, 1920) is as follows : The apparatus con- 
sists of a copper oven, 15 x 15 x 15 cms., having a hole 3 cms. diameter 
in the middle of its floor and containing a perforated copper shelf 
placed centrally. At the top of the oven are two tubulurcs, one 
of which is left open, while the other is furnished with a cork 
through which passes a thermometer with its bulb reaching to the 
central shelf. A micB;)-burner, 4 mms. internal diameter, giving 
a luminous flame 12 mms. high, is placed underneath the hole in 
the oven floor, at such a distance that the tip of the flame is about 
8 cms. from the plane of the floor. By this means, with an outside 
temperature of about 14° 0. (57° F.), a temjx'rature of about 38° C. 
(102° F.) will bo maintained at the shelf of the oven. Glass plates 
{e.g. microscope slides) coated with the varnish to be tested, drained 
vertically for half an hour and the bead removed, are then placed 
upon strips of cardboard of the same size and dried on the central 
shelf of the oven, care being taken not to cover up the }>erforation8 
in the shelf. 

Similar irregularities of drying have been noticed in the case 
of perilla oil. The defect is caused by differences in surface energy 
of the components and their rates of superficial oxidation. The 
presence of a more rapidly oxidisable component in a drying oil 
may often cause the film to assume a pattern-like arrangement, 
which may be circular in the case of an oil or irregular if a resin 
is present. 

Curdling or Ropincss . — ^These terms are used to describe changes 
iii viscosity on storage or chilling. They aVc noticeable on applica- 
tion of a varnish by tlie production of uneven surface. Generally 
they must be connected with changes in the colloid dispersion 
accompanied by changes in viscosity, ' The (Jpfect mfiiy go farther, 
when it is described as “ livering,” wher^ there is a general separo.- 
tion of & ^m resin-oil Component. By addition of raw or boiled 
linseed oil, spirit or other varnishes, ifiarked viscosity changes may 
occur, culminated by an actual separation of a gum-oil-thinner 
complex from the system. ^ 

There are a number of terms in use descriptive of varnish 
defects, of which a few additional may be Mentioned : o 

Silkinese (Derigis striant; eeidenaki^). — This is allied in some 
respects to ropiness, and appears^ as a general fltie ^triation of the 
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surface caused by excess of drier or by lack of flow due to chilling 
(cf. bloom). : 

Sweating up %J a varnish film (vemis suintant ; Schwitzen) is 
c^sed by the too early flatting of a varnish coat before it has had 
time to harden; or a soft varnish containing too much oil will, 
after being flatted, lose its roughened dull surface and become 
lustrous. 

Sinking-in of the film, sleepiness (vernis senfon^unt; Einsinken, 
ScMafrigwerden), may be caused either by excess of volatile thinner or 
by the application of a varnish on a layer which is inciomplctcly dry. 

MMed Surface,— ThXfi is very marked when a short-oil or hard 
varnish is spra^^ed on an iron ])late. If the varnish be warmed 
slightly before introduction into the spraying pistol the defect will 
generally not occur, because' the globules of varnish will possess 
sufficient fluidity to coalesce'. 

Turbidity. — The clouding of varnishes either dining the course 
of manufacture or after the varnish has been kept for some time 
is a wcll-knowm defect. \ turbid varnish is looked upon with 
suspicion as indicating an excess of dri^r, but nevertheless a clear 
varnish may liecome turbid on standing, even if a drier of the best 
grade and in pro})er quantity has b(‘en enqiloyed. Ijead resinate, 
like leiul iinoleate, wdll give cloudiness, because it reac^ts with the 
free fatty acids in th(‘ linseed oil or other oils employed, and the 
precipitate in the presence of linseed oil ahvays contains lead 
stearate. Deposits are, however, not formed if proper precautions 
are taken wffieii lead resinate is used as a drier. The presence of 
mucilage in the oil may act as a protective colloid and retard the 
separation ; moreover, it has thc^ j>owau’ of absorbing or retaining 
water, influence of which on chemical changes must not be neglected. 
It must be pointed out that the acidity of the oil in the varnish 
mixing must be considered if lead resinate be used as a drier. 
Generally the acidity due solely to the resin tends to preserve the 
brilliancy of the varnish mixings, whereas neutrality of gum-oil 
mixings "is unfavourable in that respect, especially when metallic 
driers are present in any quantity.* 

Durability of Varnishes. — ^From what has been stated in previous 
chapters it is e^ddont that the drying oil confers durability on t^e 
oil varnish film, the function of the resin being essentially to give 
gloss and hardness. The pj'cseiice of pol,yme#ised oil improves the 
wearing nroperties, and the combination of^olymerised and oxidised 
oils in a film is niist favburable for durability. The degree of 
coagulation of the linoxyi or polymerisation, forVant of a better 
name, would seem to bo conditioned by the nature of the metallic 
driers, and tflbre is much evidence in favour of the coagulation of 
the oil decidirig the resistance of tile film to weathering agencieb. 
Long-oil varnishes are generally more«iurablq than short-oil, the 
latter containing a* higher percentage of resin, i*hich is relatively 

Turbidity may be caused by reduction of the dispersion of the resin in 
the oil varnish miigng, and it*may often be removed HJr suitably increasing 
the acidity (ft tl^ system. 
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inelastic and often prone to disintegration, due to oxidation or to a 
transformation from the vitreous to the crystalline state. Chalking 
in water does not necessarily indicate a bad varnfsh, but there is a 
softening of the film due to absorption of water and a sti’ain caused 
by the swelling from which the film does not completely recover when 
it dries ; moreover, the adhesiveness of the film is weakened. The 
minimum water absorption and the maximum elasticity of a varnish 
film have been put forward by the writer as tests for durability, 
although they cannot completely replaiic the lengthy jxjriod of 
exposure to the air, which is the only real and satisfactory test. 
The minimum water absorj)tion in an elastic varnish indica^s the 
proportion of linox^m on which the durability of the film depends. 
Water absorption and elasticity do not take into account the 
oxidising influence of weathering, although the presences of air in 
water has been shown to have no more effect than the water alone. 
Possibly the effect of immersion in dilute hydrogen peroxide is 
worthy of study. A good long-oil varnish film ought not to perish 
on exposure for a year, although its lustre will have depreciated, 
and in the China wood*‘oil Masses films ought to stand for eighteen 
months or two years without appreciable loss of lustre, although 
a fine cracking of the surface is often noticealile. It may be of 
interest to refer in greater detail to American tests for durability 
which have been mentioned in connection with the British Aircraft 
■vSpccifications for outside varnishes. In the specification U.S. 
Naval Spar Varnish (No. 3, March 1, 1918) the following details are 
given of a durability test : 

The varnish shall be ay>plied, in three coats, to two unfilled panels 
of maple wood. The y)anels must not be less than 5^ in. wide by 
18 in. long by | in. thick. The first coat of vaimish, aft(‘r drying 
indoors for three days, shall be lightly sandj^ayiei-ed Avith No. 00 
sandpaper before the application of the second coat. The second 
and third coats of varnish shall be allowed to dry three days 
indoors, but neither coat shall be sandpapiTcd or rubbed. A pro- 
tective coat of varnish (not for test purposc^s) shall be applied to 
the back and edges of the panels. The duplicate panels shall then 
be placed out-of-doors at an angle of 45 degrees to the vertical and 
f|icing south. 

The durability of the varnish on the test f>anel miist be equivalent 
to that of an approved varnish finder the same conditions. 

The importance of tfie nature of the undercoats in influencing 
the durability of varnishes must not Ir^ forgotten, esj^ecially if iron 
plati^s bq used iff the trials. * 

It is evident that considerable time of exposure would be neces- 
sary to produce deterioration in the ‘case of high-efitss varnishes, 
and the test is accelerated if the varnish film be applied on a painted 
thin iron plate. Iij the 1>.S. Army Specification for spar varnish 
an interesting test, viz. the Kauri Solution Test", appears. 

Kaicri Solution Test . — The ^Kauri Solu\;ion Test is made, by 
proportionately rtducing the elasticity 9 f the varnish under test by 
a solution of No. 1 “ rtin ” kSiuri jn pure spirits of turjifintine. 
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Diroctionn are given for the preparation of the kanri Holntion, in 
which the resin is distilled at a temj^eratiire of 371° C. until 25 per 
cent of its weigh? has been driven off. The residual resin is dis- 
8ol|?ed in twice its weight of turpentine at 149° C. In carrying out 
the test the non-volatile content of the varnish under tost must be 
determined. To 100 grams of varnish arc added an amount of the 
kauri solution equivalent to 50 per cent by weight of the non- 
volatile matter in the varnish. Flow a coat of the varnish thus 
reduced, on a 4 x5 in. panel of J(K) lb. tin. Allow the varnish to 
dry in a nearly vertical position at room temperature for one hour. 
Place i4ie panel in a horizontal ])osition in an oven and bake for 
five hours at a tJunperature of 93°-HM>° V. Remove the panel from 
the oven and allow it to cool at room tcuuperature tor one hour. 
Plac(' the panel over a J-in. rod and b(uid it doubles quickly. The 
bending should Iw done at room tomperatun^ (2r-27° C.). The 
varnish must show no signs of cracking at the point of bending. 

The writer is in general agnHunent with the importance of this 
elasticity test, which is restritded to spar or boat varnishes, but the 
statement by certain American authorities •that there is no possi- 
bility of a varnish, which is capable of standing the kauri solution 
test, failing under actual exj)osure trial cannot be generally accepted. 

Water Test.- Another American test in connection with the 
durability of varnishes is the water test. A bass wood panel 
is filled with a coat of dro]) bla(;k in oil, thinned with turpen- 
tine and dritT, and allowed to dry for at least ten days. A coat 
of varnish is then applied, allowed to dry for forty -eight hours, 
and lightly sandpapered. A second coat of varnish is then 
appli(‘d and allowed to dry for seventy-two hours. The panel 
is inclimid at an angk‘ of 45 degrees and a gentle stream of 
cold tap watcT’ allowed to How down the middle of the panel for 
forty -eight hours. The varnish must show no whitening, dulling, 
or other defects after any deposits due to tap water are wiped off 
with a (chamois skin. 

Similar results may be obtaim^d when om^ coat of varnish is 
flowed on a panel of clear window glass thoroughly cleaned with 
benzol, allowed to dry for forty-eight hours, and immersed in dis- 
tilled uater at room temperature for forty-eight hours. Tl^o 
varnish must not show* any whitening or dulling at the instant of 
removal of th<' panel from tiie water. ^ • 

The conclusions drawm from the above water test are not of 
real assistance in daUu-minu^ the durability of varnishes. There 
are many excelkmt varn^hes on the majket whi?h will pot stand 
the American water test, ^nd it has been showm in .a previous 
chapter that the chalking of the varnish film may be brought about 
by the presence of small quantities df metallic substances which are 
not detrimental to^the life of the vanish. li the American spar 
varnishes are to be rcf^rictcd to those of the tung oil class, then the 
wafter test is more reliable, but it»will certainly break down if the 
above percentage of linseed oil in the mixing be (tinsiderable. 

The fa(?toi* of neutrality of % varnish ol of its components is 
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worthy of consideration. Generally a neutral varnish will be more 
resistant to the action of the weathei', but neutrality by addition 
of metallic oxides will cause brittleness and subsequent disintegra- 
tion due to hj^drolysis of the resin salts and the action of carbolic 
acid thereon ; moreover, the dispersion of the resin is modified, 
and slow thickening of the varnish mixing will ensue. Neutralisa- 
tion of the resins by glycerine is desirable in conferring elasticity, 
although reducing hardness, but the solubility of ester gums in 
oil is less than that of the rosins. 

From what has been stated under the defects of varnishes it is 
evident that a mixture of gum oil and resin is a very sensitive 
combination. The durability is conditioned by the properties of 
the resin linoxyn gel which is left aftt^r the film has set. The writer 
has put forward the view that the elasticity of the film and its 
water-resisting properties are prime factors in foretelling the dura- 
bility of a varnish film. The examination of the elasticity by the 
methods already described or by the kauri (;onstant test are generally 
admitted to be of great value. The water absorption test is indica- 
tive of the adhesion of the film to the surface, as well as of the 
possibility of action of water with the components of the film, 
chemical or physical, in the production of emulsions of water in oil 
or separation of the resin in the film. In the case of long-oil 
varnishes the water absorption indicates the degree of linoxyn 
formation in the film under the conditions of testing. The presence 
of driers in great quantities accelerates emulsification, setting up 
strains in the film and weakening the adhesive power. The influ- 
ence of the ash content (metallic driers) must be considered. 

The following figures will show the connection between the 
ash-content, elasticity, and durability of a number of varnishes : 



PcrcpnUpc 
\sh (Oum uikI 
Oil (’ontont). 

Elasticity. 

Durability. 

A 

1-96 

Good. 

Fair. 

B 

i:i9 

Fair. 

Good. 

B 

1*48 

Fair. 

C 

0'06 

Brittle 

Poor. 

D 

i:«i 

Elastic. 

Very fair. 

E 

2-9 

Brittle. 

Poor. 

F . . . n . 

012 

.4 Elastic. 

Good. 

Special . . . ', 

1-8 

>> 

Poor. 


The qharactAistics of a durable varnij^h are : 

(1) Ela^Jticity of the iilm ; the ratio of resin to oil must not be 

greater than 1 : 1 *6. ' ^ v ‘ 

(2) The water absorption '*muvst be low' and must not exceed 
8 per cent after thrpe days»'^ immersion in N/40() . NaCl. 

(3) The ash content must be low. It oug^t not to exceed 1 -5 per 
cent on the gum and oil content- 

(4) The acidity of the varnish must be low., It ought not to 

exceed'20. * 
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* 

(5) Consistent with flow, time of drying, and hardness, the 
amount of thick oil must be as large as possible. 

H. Wolff hasb found that neither the action of light nor tem- 
perature are nearly so harmful in the weathering of paints as is 
mitt or dew. The condensation of moisture on the pigment or on 
the underlying material is very harmful. 
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SPIRIT VAHNISTIKS 

General Characteristics. — H]nr\i varnisht\s are distinguished 
primarily from oil varnisht'.s, in that o!i the (evaporation of the soKent 
th(^ resincjus eonstitiient imparts to the lilm its own (diaraetenstics 
without the influenee of the drying oil recpiiring oxygen for attain- 
ment of a firm linoxyn, filwi. G(‘nerall\% they (consist of a resm oi 
a mixtu }‘(5 of resins, natural or artificial, or soluble eellulosc deriva- 
tives, and the process of drying on af)pli<‘ation to a surface consists 
essentially in the evaporation of the solvent, (hdinarily the time 
of drying is much shorto than that of oil varnishes, but a few ot 
the spirit varnishes, e.g. spirit soluble Bakelite, nujuirc stoving to 
give hardness or insoiubility in solv(‘iits. Ihe resins, with tlieii 
l ustre and hardness, are not ‘usually elastic, and very rankly possess 
the toughness which will fit them for hard \\'ear. Some improve- 
ment in the elasticity of sfiirit varnishes can be obtained by tlie 
addition of certain substances which, however, (jften diminish their 
hardness and w(;aring properties. Spirit varnishes are especially 
shited for the*, preparation of coloured varnishc^s, owing to the e^sy 
solubility of most aniline colours in methylated spirit The 
character of the solvent varies with th(^ dissolved mat(uial. Methyl- 
ated STjirit is the commonest solvent, together with less volatile 
alcohols ; e.g, butyl and amyl alcohol (fusel oil), and benzyl alcohol 
ketones (acetone and homologous ketones, acetone oils) ; esters 
(amyl acetate, methyl and ethyl acetates), hydi'oearbons (benzol, 
tftluene, and xylene) are also used. The solvents proper are often 
diluted with non-solvents, e.g. yietroleum or nitrobenzol, in order 
to produce a mixing o4 suitable viscosity. It is found that the 
solid component of a spirit varnish is^often soluble in a mixture of 
two liquids, alth 4 >ugh it is insoluble in either of them sep^ately. 
Softening* substances ar(3r. often added ; y.g. castor oil, whic;h is 
soluble in alcohol, or triacetin and jiiienylphosphat*, which are 
incorporated with cellulose acejate in do|x^s. a 

The principal solvents f j»r the resins have been already referred 
in Chapter VIII.* * f • 

' Preparation . — The description of the preparation of spint 
VarnisheJfe, which consist of a soltition of a resin in alcohol, is very 
simply. The first method ccinsists in stirring the* resin lin spint m 
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an open vat until it is dissolved and the insoluble impurities, bark, 
wood, etc., are allowed to settle or are separated by filtration. 
The solution of the resin can be accelerated by digesting in a wooden 
barrel fitted with a manhole for charging, the barrel being rotated 
aBout its horizontal axis either on geared spindles or on trunnions. 
Another method consists in dissolving the resin in spirit in a closed 
steam-jacketed digester fitted with a stirring gear. Although hand- 
stirring appears piiiiiitive, it is claimed that paler varnishes are 
thus obtained, owing to the n‘du(‘ed contact with air to which the 
varnish is subjected. 

The clariilcation of ,the freshly prepared spirit varnish is 
effected either .by sedimentation or filtration ; in the latter case 
special precautions have to be taken owing to the vtlatility of the 
solvent, especially it ct'ntrifuging be em])!oyed. 

(VaftsnK'n's ddails as to the methods of application of spirit 
varnishes, tlu^ ])r(liminary ])reparation of the wood, and instructions 
for Fnaich polishing, ar(‘ given in Bitmead's Fnnch Polishing and 
E7iamellin(j } 

Shellac Varnishes. -Shellac is one of th^^ most ini])ortant con- 
stituents of spiiit varnishes, as it possesses a dt^gree of hardness 
and elasticity distinguishing it from all other gums and resins. In 
a former chapter full I'eference hah been made to the varieties which 
are enijjloyed in shellac; varnishes. A number of formuhe are hero 
given in illustration of the uses to which shellac varnishes are put. 

Knotting Varnish. As a damp-resisting coat or to cover loiots 
in wood : Orange shellac; 112 lb., medium rosin 50 lb., methylated 
spirit 2S galls. ; or, button lac 84 lb., orange lac 84 lb., methylated 
spirit 80 galls. 

Storing Brass Lacquer. -Button lac 112 lb., sandarach 6 Ib., 
gamboge \ lb., dragon's blood 3 lb., methylated spirit 30 galls. 

Silver Brassfinishers' Blcacdied lac 24 lb., sandarach 

6 lb., gamboge 21 lb., aloes 4 lb., Venice turps 2|-5 lb., methylated 
spirit 35 galls. ; or, blc^aclu'd lac 112 lb., sandarach 0 lb., methylated 
spirit 25 galls. 

Steel Lacquer. — Button lac 112 lb., manila resin 7 lb., medium 
rosin 4 lb,, turmeric 12 lb., methylated spirit, 21 galls. 

Negative Varnishes. — Shellac ^ lb., sandarach 1 lb., castor oil 
3 oz., methylated spiriU2 galls. » 

Cabinetmakers' Varnish. — Pale shellac 5 lb., mastic 7 oz., 
methylated spirit | gall. * ♦ 

Brown Hard Spirit Vaim^sh. — Button lac 84 lb., medium rosin 
84 lb., methylated s^rit 28 galls. « 

French Polish. — Oraiff^e shellac 76 Ib.f manila resin 10 lb., pale 
French rosin tlO lb., methylaited spirit 50 galls. * 

J3efore applying the }>olish the vjpod should be made to absorb 
a little linseed*oil and the excess remov|d by flannel. The varnish 
is applied with a fcJkied linen cloth impregnateef with the polish. It t 
is rubbed softly on Mie wood until the pores are filled. If the 
varnish sticks or becomes tacky, if little olive oi|;is applied by the 
fingers on the folded linen Cloth. The.finishJs obtained by pouring 
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a little alcohol on a piece of linen and rubbing the varnished surface 
until it takes a fine polish. For first-class work polishing with a 
shellac varnish takes several weeks ; e.g, pianos in mahogany require 
at least five times polishing and an interval of time must be allowed, 
otherwise the polished film dries too hard. It is for this reason 
that oil varnishes are now in demand for such work (p. 235). 

Bookbinders' Varnish. — Garnet lac 118 lb., methylated spirit 
10 galls., Venice turps 7 lb., aniline spirit- black 1| lb., chrysoidine 

2 oz. Another variety has the following (composition : Button, 
lac 112 lb., sandarach 3 lb,, methylated spirit 10 galls. 

Many spirit-soluble aniline colours are used which are ^elected 
for permanence to light. It is evident that the p^opc^rties of the 
shellac are modified by the addition of other resins, e.g. manila, 
sandarach, mastic, Venice turpentine, and bimzoin ; for each 
requirement there will Ik^ a sy)eeial formula. The quality of the 
ingredients varies greatly, so that the formulie are liable to modifica- 
tion. The price is also an imywrtant factor, and modifications by 
the introduction of cheaper resins are much encouraged. The 
formulae are craftsmen’s secrets, and those given above must not be 
taken too literally, as they give a guide only as to the broad char- 
acter of the components. In the case of cold lacquers, where 
evaporation has to be controlled, the addition of amyl acetate and 
fusel oil are usual, but for decorative bedstead work the competition 
by lacquers of the Bakelite type has reduced the demand except 
for very pale varieties. 

The application of shellac varnishes may be by brush or spray. 
In some cases the metal to which the varnish is to be a])plicd is 
pre-heated, so that the evaporation is accelerated, and by careful 
brushing a thicker coating is obtained. 

Water-soluble shellac solutions are often employed in hat 
manufacture and for other purposes. The method of obtaining 
such solution is illustrated by the details of a patent specification 
claimed by T. Mackenzie 

Twenty lb. shellac are boiled with 4 lb. sodium carbonate or 
borax, with or without the addition of rosin, linseed oil, or other 
gums or oils. A solution of 6 lb. of common salt is added, and then 

3 Ib. more borax or sodium carbonate are added and the boiling 
continued for two hours. The solution is ^educed to the required 
consistency by the addition of cold water. 

Imported shellac contains more or less wax which must be 
removed before coloured lacquers can be prepared. K simple 
method is to heat shellac and borax (10 : 3) with water so that the 
solution \\axi be easily (filtered through^fiinen. On cooling, the 
impurities kettle out and on the surface floats the wax together 
with any undissolved shellac The wax is removed, purified by 
digestion with a boiling soda solution, and is u^>ed in polishes and 
wood stains, etc. The shellac is precipitated from the aqueous 
solution by treatment with an acid. 

Bllached Shellac.-— To bleach shellac, it is dissolved in soda 
and. treated ’with a hypochlorite solutidh preparefd from bleaching 



•powder and soda, until the desired bleaching is obtained. The 
solution is treated with aci^, filtered immediately, washed with 
water melted un^er hot water, kneaded into plaits, and finally 
dried. By long standing in air shellac loses its solubility in spirit 
and in borax solution, but not its solubility in soda to the same 
degree. It can bci dissolved in soda, precipitated, and washed, 
when it will be found to have recovered its solubility, but more 
borax would be required to dissolve it.® 

The loss in weight on bleaching is about 4 per cent ; the product 
Is white and rather brittle. Bleached shellac gradually deteriorates 
Si air and in light, becoming insoluble in alcohol and alkalies. 
If a spiAt solutiqp of shellac be turbid, it can be clarified by shaking 
with a few drops of a solution of hypochlorite, if the turbidity 
be due to the solvent spirit ; whereas if water be the cause, a few 
grains of solid alkali will be sufficient to clarify the liquid . Mechanical 
impurities can be removed by filtration through kieselguhr. 

Water solutions of shellac are employed in the manufacture 
of various water-resisting preparations. For example, inks (black 
or coloured) become fast ‘to water only ®n tjie addition of shellac. 
Both. bleached and unbleached shellac are used in borax solution, 
but not in soda solution. 

Shellac Varnish.— The British Standard Specification for Air- 
craft Material for a shellac varnish * requires that the varnish shall 
consist essentially of a solution of unadulterated unbleached shellac 
in industrial spirit and shall contain no added dye. It shall be 
of such consistency that it will w'ork well under the brush. The 
film produced by application of the varnish to a glass plate and 
allowed to dry in a nearly vertical position for four hours at 70° F. 
(21° C.) shall be bright and free from tackiness. The content of 
dissolved shellac shall not be less than 25 per cent by weight, when 
determined by evaporation to dryness on a water bath of a weighed 
quantity of the clear liquid obtained after the varnish has been 
allowed to stand for eighteen hours at a temperature of 25° C. 
(77° F.). Not more than the usual light flocculent precipitate 
shall separate out when the varnish is kept in a warm place as 
described above. The iodine value of the solid residue obtained 
above shall not exceed 32 per cent when determined by the method 
described in Appendix 1, • 

The residue from the evaporation test shj.ll give no reaction 
for rosin when tested by the liebermann-fitorch test. The solid 
residue previously mention#(J obtained by evaporation of the 
shellac solution shall Sontain not more than 10 peiitcent by weight 
of material soluble in beUzenc, the estimation being earned out 
as described i& Appendix 2. •The amount of ash shall* dot exceed 
D’S per cent by weight. » 

A^pend^x f. Method of DeterminaUon of the Iodine Value* 
6f the: Beaidue, — O-ft to 0-2 gram of the solid residue shall be 
in a 300 c.o. weii-stoppered fiask and shall be dissolved by 
geni% warming with 20 c.c. of 9^ per cent gli^cial acetic acid 
14*8° C.). A slight rfisidne of wax may be ignored. When 

. • • Tt " 
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dissolution is apparently complete, 10 c.c. of pure chloroform shall 
be added and the mixture cooled to 70® F. (21® C.). 25 c.c. of Wijs’ 
iodine monochloride solution shall be added and the flask shall 
be left in the dark for one hour at 70° F. (21° C.). 20 c.c. of a 10 per 
cent solution of potassium iodide shall be added and the excess 
of iodine titrated with N/10 sodium thiosulphate. A blank experi- 
ment shall be carried out with all the reagents in the same manner 
and the perc;entage of iodine absorbed calculated. When rosin 
or other resins are suspected the quantity of solid used in the test 
should be kept near to 0*15 gram. 

Apperulijr 2. Meihml of Determination of Solubilitjf in Benzene. 
— About 1 gram of the solid residue above mentioiiecl is ])bwdered 
and added to 100 c.c. of (Tvstallisable benz(uie. The mixt\ire is 
heated to about 158° F. (70° C.) for one hour with frequent shaking, 
after which it is cooled in water at a tcm])('rature of about 44° F. 
(7° C.) for two hours. The clear benzene is decanted, and the residue 
washed twice with benzene, dried, and weighed. 

The above evidently refers to a high-quality shellac varnish. 

Copal Spirit Varnishes.-^The softer the eopal th(i more readily 
does it dissolve in methjdated spirit. Manila and Jiorneo copals 
yield pale solutions which clarify qui(;kly. The degree of solubility 
of samples of raanila varies, and many k^avc; a stringy residue. 
The addition of Venice turpentine, gum thus, or elenii gives elasticity 
to the film. It is wise to dissolve the oleoresin in the spirit and 
to use that solution to dissolve the copal. TIuj solubility of the 
harder varieties of copal may be imy)rov(‘(i by previous fusing, 
but this causes a darkening of the resin. The fused copals are soluble 
in tur^ientine. Other solvents may be used with methylated 
spirit, e.g. acetone and oil of lavender, but it must be remembered 
that the less volatile solvent ought to bt* as good as or a better 
solvent than methylated spirit, otherwise defects will be observed 
when the film dries. The addition of castor oil or linseed oil acids 
improves the elasticity ; moreover, linseed oil acids are good 
solvents for fused and unfused co])al. Terpineol has been suggested 
as a solvent for the harder varieties of copal, the solution being sub- 
sequently diluted with tulpentine or methylated sj)irit, but terpineol 
dries very slowly and the amount used must be limited. Sandarach, 
fliastic, and rosin are blended with manila in many varieties of 
copal spirit varnishc^. Examples of a few varieties of copal spirit 
varnishes .are given below : 

White Label Varnish. — 20 lb. Mapila copal, 10 lb. ro^in, 20 lb. 
methylated spirit. The mixture is heated on the water bath to 
dissolve resin. 0 

Pale Spirit Varnish for Wo§d. — Spivit copal 75 Ib./hnastio IS lb., 
Venice turps 6 ib., camphor a» trace, methylated spiiit 100 lb. 

Black Copal Spirit V^^rnish for Leather.— BO lb., san- 
darach 19 lb., Venice turps 5 lb., castor oil 5 fb;, alcoholic solution 
of nigrosine 6 lb., methylated spirit 150 lb. * 

. A fused-copai. spirit vamisn is used by bookbinders, whifst a 
soft-copal spirit varnish is* employed in interiof decorative work. 
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Seed lac and rosin are blended with a spirit copal, as instanced 
by the following formula : Spirit copal 60 lb., seed lac 36 lb., 
rosin 25 lb., methylated spirit 400 lb. 

Dammar Spirit Varnishes. — These have not the defect of Manila 
spirit varnishes, in that the films cannot be peeled otf from the sur- 
face before th(;y are quite dry. Their colour and lustre cause them 
to be preferred to co]:)al spirit varnishes, but they are less durable, 
slightly tacky, and are apt to dry superficially, so that the surface 
shows many wrinkles and furrows on weathering. Dammar 
varnishes are essentially for indoor work. The surface is somewhat 
friable, so that if the varnish coat is rubbed with the finger it 
becomes powdery. Turpentine is the usual solvent for dammar, 
and dissolves it completely at the ordinary temperature. Venice 
turyjentine may be added to impart gn^ater body and elasticity. 
About 6 or 7 lb. dammar require one gallon of turpentine, but the 
proportions vary with the sources of the dammar. Batavian 
dammar dissolves better than the Singapore variety. When 
dissolved in benzene, dammar gives a clear solution and a quicker 
drying varnish than w'hen turpentine* is 4ised. The solution in 
turpentine is more or less milky, owing to incomplete solution, 
and on standing a soft white deposit separates. A good negative 
varnish for proofs on paper may be obtaimnl by dissolving H parts 
daiumar in 90 parts benzene and 10 parts methylated spirit. A 
crystal varnish for ])aper is prepared by dissolving dammar in its 
own W(‘ight of tur])entine and thinning the solution to the desired 
consistency by the addition of more turpentine. It is also used 
in making varnishes for coa(;h- and cabinetmakers and for pictures. 
Its preference lies in the paleness of its solutions compared with 
those of copal, but if heat be used in the manufacture the varnishes 
will be (joloured. Dammar varnishes may be us(‘d for interior 
decoration and for objects that are not much handled. The draw- 
back to crystal varnish is the slight stickiness of its surface. The 
addition of rosin gives an inferior variety of crystal varnish. The 
use of black dammar (p. 126) is small, but occasionally it is used 
to darken copal oil varnishes when required . 

Mastic Varnishes.— Mastic varnishes 'are highly esteemed for 
oil paintings, water-colour pictures, and as a paper varnish, but 
the comparatively high* price of the resin makes them expensive. 
Alcohol dissolves 90 per cent of juastic, but tjje addition of a small 
quantity of turpentine wilf clarify the 8f)lution. One* pound of 
mastic dissolves in IJ lb. tttj|pentine at the ordinary temperature. 
Other resins, e.g. sanaarach, dammar, and rosin, efre often blended 
with mastic. • ^ • , , 

Fine MaMic . — Mastic 304b., rosin* W.W. 20 lb., dammar 30 lb., 
turpentine 10 galls. • 

Finest MaMic famish . — ^Mastic 6 Ih^, turpentine 1 gall. 

Common Masii(f Varnish . — ^Mastic 10 lb., rosin W.W. 35 lb., 
dammar 20 lb., turpentine 10 galls. 

Idastic varnishes are used for foys and turned articles and for 
cardboard, * If thfe turpen^ne solution be* mixed with linseed oil 
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it yields “ megilp,” which owing to its ease of working is often 
used as a vehicle by artists in ods, but it possesses several serious 
faults which make its use undesirable. 

It may be noted that when a resin is partially soluble in a liquid, 
complete solution may be obtained by adding another resin eitlfer 
in the diy state or by dissolving it in the same or another solvent 
and then mixing the solutions. Rosin is valuable in this respect, 
and reference to this property has been made under shellac. Venice 
turpentine, Burgundy pitch, and elemi are also useful, besides 
imparting elasticity to the varnish films. Such factors make the 
formulae of spirit varnishes varied and unsystematic. The,. special 
requirements have to be satisfied by alteration of the proportions 
of the components, which may vary with the consignments of the 
raw materials, especially as these are bought on the results of the 
rough tests available to the user. 

Sandarach Spirit Varnishes. — Sandarach is used for many 
purposes because of its hardness, and elasticity is imparted to the 
varnish film by the addition of soft spirit-soluble resins ; e.gr. elemi, 
Venice turpentine, mastic, and copaiba balsam, etc. Brown hard 
and white hard spirit varnishes may be made containing sandarach 
blended with other resins ; e,g. white hard spirit varnish : sandarach 
2J lb., gum thus 1 lb., alcohol 1 gall. ; or, gum sandarach 2 lb., 
methylated spirit I gall., mastic J lb., elemi 4 oz. These varnishes 
dry 1)0 hard lustrous coatings. 

Bookbinders’ varnish, paper varnish, and negative varnish 
may all contain sandarach blended with other resins to give the 
desired hardness and elasticity. A varnish for violins and other 
musical instruments of wood and for inlaid and panel work may be 
made by dissolving 1 lb. sandarach, J lb. mastic, 2 lb. best white 
rosin, 3 lb. gum benzine in one gallon of alcohol. One flowing coat 
is required to produce a mirror-like surface {vide p. 235). The price 
of the resins will largely decide their amount in* a varnish. 
Generally, spirit varnishes are replaced as much as possible by oil 
varnishes, which are cheaper and more durable, but slower drying. 
For special purposes sandarach varnishes are still required, but 
their use is restricted to inside work. 

Gum Benzoin is a subsidiary component of spirit varnishes, 
aiid is added to confer elasticity on other spirit resins and to 
preserve Surface smoothness of the film. 

Bosin ''Spirit VarnWies are rarely used alone, as they give 
films of poor quality. r , 

Cellulpse Esifir Varnishes.— The development of the industry 
of soluble , cellulose has'ma^e great 8tr^de8 in the artificial, silk 
industry, in the widespread picpularit}^ of the cinera&, and in the 
use of cellulose acetate and nittate for aeroplane dopes. ^ 

' 'Nitrocellvhee V.amishet. — ^The collodion of the British Pharma- 
consists of pyroxylin or cellulose nitrate, CigHjiO<,(OH)(NOg)o, 
dirajd^ved in a mixture of three^ parts of etHer and one of cdco|iol.. 
®ie emulspid solution ^.is a viscous ^lourless liquid wtiich oh 
l^lporation dries to 'a briUle ^m. The film is ofh^ opaque, 
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owi»g to condensed water deposited from the air during the rapid 
jp^aporation of the volatile solvent, and consequently causing a 
^^fficient lowering of temperature. The brittleness of collodion is 
/i^^odified by the addition of plasticising agents * e.g. castor oil and 
Canada balsam in flexible collodion, or collodion flexile, B.P. 

As in spirit varnishes previously described, the properties are 
capable of adaptation to special requii^iments. The rate of evapora- 
tion, inflammability, and tendency to dry to an opaque film, can 
be modified by variation in the nature and proportions of the 
solvents, some of which are true solvents, others non-splvents. 
CelluliiHe trinitrate (gun-cotton) is insoluble in a mixture^'of ether • 
and alcohol. Lower nitrates of cellulose down to dinitrocellulose 
are also employed as a basis of cellulose nitrate varnishes. 

Zapon is a colourless liquid consisting of a low nitrated cotton 
dissolved in amyl acetate, or a. blend of solvents and non-solvents, 
including amyl alcohol, white spirit, etc. As an adhesive coating 
it is ofUm blended with shellac. A colourless Zapon solution 
must dry on polished metal, e.g. brass^ to give a transparent film 
showing no discoloration after several dhys’ application. The 
thin film must be removed with difficulty by the finger-nail. 

Celhdoid Varnishes. — If collodion wool or othe^nitrocelluloses 
be mixed with camphor and heated under pressure at 120'' C., 
celluloid is formed. Celluloid requires the same solvents as 
collodion, and yields a colourless varnish which may be coloured 
with aniline dyes, like all syfirit varnishes. The addition of castor 
oil or a suitable vegetable oil renders the coatings more elastic and 
more adherent. They arc tougher than collodion -varnishes, and 
may Ije applied in thicker coats, e.g. up to -J in. thick. The films 
are adherent, lustrous, waterproof, but very inflammable. Pig- 
ments and carbon black may be used to give coloured varnishes 
of high lustre (black leather varnishes). 

Dipping Celluloid Lacquer.-- Celluloid 6 lb., amyl acetate 50 lb., 
acetone 4 lb. 

Brushing Celluhid Lacquer.— Celluloid, 9 parts ; amyl acetate, 
45 parts ; acetone, 15 parts ; methylate^ spirit, 31 parts. 

Black Celluloid Varnish. — ^Celluloid 90 parts, methylated spirit.^ 
150 parts, amyl alcohol 200 parts, carbon black 43 parts, nigrosipe 
12-5 parts. * 

Cellulose Acetate Farni5*e«.— These varnishes have tlte distinct- 
ive character of possessing relative non-inflammability,* and more- 
over, when applied tto strellhed linen fabrics, have the property 
of very considerably mci^asing the tautne^s of the*latter, .Although 
it was consj^ered . that coqjmercially acceptable cellulose acetate 
should approximate to a triacetate* and be soluble in chloroform, 
Dreyfus has shown that little real Value is attached to the acetic 
acid content of aV^Hulose of primarj®esterifi«ation, and that the 
properties of the finisjjed product are modifiable in numerous ways * 
bj® manipulative skill in' the acetylation.^ , 

It must be ynderstood that the quality o< cellulose acetate 
required iif the manufacture of dope *f or tBe coating of aeroplane 
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wings is quite different from that used for the manufacture of 
artificial filaments, photographic films, and celluloid. In general, 
it is a fact that the preparation of cellulose acetate intended for 
films is more exacting than for dope. In the fornujr case tlje 
elements of high viscosity, together with clarity and strength of 
film, are essential features ; whereas, in the preparation of dojx? 
these properties are of secondary importancjc compared with those 
of high solubility and the power of inducing tautn(‘ss in stretched 
linen fabrics. As the viscosity increases, the; strength of th(5 film 
and its elasticity show corresponding improvement. If a low 
viscosity acetate is used, the film will bo brittle and of low temuity. 
The qualities of the acetates art^ largely influenced* by the condi- 
tions of acetylation. The conditions of manufacture of all cellulose 
esters require careful control to produce mixings of constant 
viscosity and flow. For an account of the commercial develop- 
ment of the manufacture of cellulose acetate, see a paper by 
E. C. Worden.® 

Such cellulose preparations, nitrate or acetate, may be used 
as the base for metal finishes and, when mixed with aluminium 
or zinc powder, form rapid-drying primers for metal. Mixed with 
pigments they dry to form flat washabl(‘ suHacos, and may be used 
as substitutes for shellac in some kinds of work. They may hi) 
applied by means of a spray or brush, and the film will resist baking 
at a low tem|)erature. Ckdlulos(i nitrate lacquers can be used as 
primers for certain typ(\s of cenuuit floors before painting, and 
have the effect of preventing wateiqwoofing gi*eases, etc., in the 
cement acting on the enamel ayjplied subsequently. A cellulose 
nitrate coating will prevent a metallic priming coat from acting 
on or being discoloured by a finishing oil- varnish coating. Cellulose 
lacquer films do not possess the durability of those (iomposed of 
an oil varnish.’ 

Aeroplane Dopes. — Aeroplane dopes may be looked on as 
priming coats of soluble cellulose applied on linen for protective 
purposes. They produce increased tautness of the fabric, but the 
finishing coat of an oil varnish is recommended for waterproofing. 
Protection of the linen from ultra-violet rays is produced by 
inporporating suitable ])ignients; e.g. yellow ochre, ultramarine, 
and zinc oxide (11 : 5 ; 10). Aeroplane dopes may be on a cellulose 
nitrate or^ acetate b£fsis^ During the »^war cellulose acetate was 
preferred tb the nitrate, although some maintain that the latter 
gives more satisfactory results in spi^vC of its inflammalfility. A 
variety of* dope formulae qn a cellulose acef,ate basis have been put 
forward. ' These differ in the proportions of solvents §nd diluents, 
A British cellulose acetate dope may contain : cellulose acetate 
86 lb., triphenyl phosphate 15 ib., benzyl alcohol 2 §alk., acetone 
^Ils., methyl aeetone galls., ethyl alcohol 11 galls., benzol 
2^1' galls. Benzol, ethyl alcohol, and benzyl alcohol are diluents, 
and mre mixed with the ceiluloi« acetate’ before the addition oof 
the solvents, acetdbe and methyl acetone. The ^standard French 
aefbpiajie dope consists of-^For« summer use : ceyulSse acetate 
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80 parts, benzyl alcohol or phenol 40 parts, solvents and diluents 
890 parts ; for winter use the benzyl alcohol or phenol and the 
solvents and ditftents are reduced by 10 parts each respectively. 
Tj^e solvents and diluents consist of methyl acetone, methyl acetate, 
or ethyl formate 410 parts, benzol 250 parts, alcohol 220-230 parts. 
Ethyl aeetat(‘, butyl formate, or methylethyl ketone may replace 
the solvents to the extent of 33 j)er cent. The order of mixing 
is essentially the same as in the British preparation. One gallon 
of do[)e covers 7 yds. of wing surface when api^lied in the form of 
three coats. Excjcss of benzol produces brittle films, while excess of 
alcohol gives films of low tensile strength.® A do])e formula from 
an American Source is as follows : 7-9 oz. cellulose acetate ; 

1 oz. tri})henyl phos|ihate ; I gallon of solv(mts and diluents, 
of which 00 ]HT c(‘nt is methyl ac(‘tat(‘, methyl ketone 10 i>er cent, 
acetone 10 ])i‘r cent, benzol 15 ])er cent, and diacetone alcohol 
5 ])er cent. Small (jiiantities of benzyl acetate, benzyl alcohol, 
benzyl b(‘nzoat(‘, o?' nr(‘a are added. These imu'ease the flexibility 
of th(' film, juid are not usually required when the dopes are used 
for other purposes. * * • 

Nitro-dop(' eov(‘iings contain essentially the same solvents and 
diluents as in the acetate* do))es, but with the addition of castor 
oil. The nitrocellulose must be a low niti’ated cotton of good 
quality, and must comply Avith the Abel heat test for stability. 
It mu.st be c.ompletely solubk* in butyl acetate, and the viscosity 
of a 5 ]K'r c(‘nt solution, as measured by the Ostwald viscometer, 
is to 1 k‘ b('twe(‘n 45 and 59 at 25"" C. (glycerol - 109). 

Typical formuhe for nitro-do[w coverings as issued by the 
British hhigineering Standards Association as British Standard 
Specifications foi* Aircraft Material are given below (D. 103, 
Nov. 1920) : 
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N’t VO 

Matt Blafk 

Nitro-Dopo (‘o\(*rinKs. 

Covcriiif:, 

V. 114. 

Covoriiiu, 

1* C. 10. 

(,'ovori»". 

( 'overln^, 

V. Bl. 4. 

Nitrocellulose svrup 

2(W) 1)>. 

2:i2 Tl>, 

2t;0 11). 

200 lb. 

Butyl or amyl acetate 

IKJ galU. 

15 galls. 

15 galls. 

15 gulls. 

Aleoliol . . . 

22.1 „ 

15 „ 

15 „ 

15 „ • 

Benzol 

. 22l . 

15 „ 

15 „ 

10 „ 

Acetone .... 

• 

20 • 
52 Ilf. ! 

20 „ 

^ 20 „ 

C»\stor (''U • 

77 11). 

75 11). . 

:ii 11). 

Pi^raont . . . ^ 

•| 

150 „ 

119 „ 

39 „ 

Total . . . . j 

( 97 galls. 

— • ^ 

95 ii^aILs. 

• 

1 

102 galls. 

• *1 

• 96 galls. 
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Protective 

CoverinR, 

P.C. 12. 

Ahiminlum 

Covering, 

« V. 84. 

Nitrocellulofie syrup . 

260 lb. 

260 lb. 

Butyl or amyl acetate 

30 galls. 

20 galls. 

Alcohol 

71 

12 „ 

Benzol 


12 „ 

Methyl ethyl ketone . 

20 

22 „ 

Castor oil ... . 

421 lb. 

2.'5 lb. 

Pigment .... 

m „ 

150 „ 

Total .... 

97 galls. 

Jf>0 galls. 


Identification Co^mms 



Keel. 

V.ll. a. 

White. 

v.w. a. 

Blue. 
V.K. 2. 

Nitrocellulose syrup 

260 lb. 

279 Ib. 

260 lb. 

Butyl or amyl acetate . 

20 galls. 

20 galls. 

20 galls. 

Alcohol .... 

20 „ 

20 „ 

20 „ 

Benzol .... 

15 

15 .. 

15 „ 

Acetone .... 

15 „ 

15 „ 

15 „ 

Castor oil 

40 lb. 

50 lb. 

52 lb. 

Pigment .... 

no 

2o0 „ 1 

140 „ 

Total .... 

102 galls. 

; 107 galls. 

106 galls. 


The pigments incorporated in the nitro-do]>e coverings are as 
follows : In P.C. 10, yellow ochre and carbon black are blended 
to match a standard. For the “ Nivo ” covering yellow ochre, 
lithoponc and ultramarine blue are matched to a standard. 
For matt black covering gas -carbon black is used. For the 
identification colours the red consists of a dye prepared from the 
sodium salt of the produef obtained by diazotising 2-naphthylamine 
l-sulphonic acid and coupling with /&-naphthol, struck on barium 
sulphate. The pigment for the white colour is zinc oxide, whilst 
for the blue a mixture of ultramarine blue and zinc oxide is used. 
For the details of manufacture of the nitro-dope coverings reference 
must be made to the published spe^hication, It is advisable to 
mention that tht nitrocellulose is dissolved in the solvent first and 
the diluentip oare added l&ter„in contrast uo the orde^ observed in 
the manufacture of cellulose adetate do’pe. 

For the properties of the^e mixings reference «gaip must be 
tiiade to the specifi(jg,tion given above. 

The protective powers of cellulose nitrate*^, dope are said to 
be greatly improved by the addition of 5*7 per cent casein,, or 
‘^ treated ”, tung oil, which makes the flm hard and reduces the 
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A large number of patents have been issued for improvements 
in the properties of dopes for aeroplanes. A few may be quoted : 

A. J. Barr alid H. Lazell ® claim to prepare a dope which 
tajtens and is waterproof by adding to a cellulose dope a mixture 
of pigments consisting of yellow ochr(j, ultramarine, and zinc 
oxid^. Reduced visibility, as well as prevention of excessive 
darkening, is obtained by the addition of aluminium powder ; 
e.g. 300 galls, cellulose acetate dopt‘, 10 lb. mixed pigments, 5 lb. 
aluminium powder. 

The British Aeroplane Varnish Company claim that the 
additioii of beeswax and paraffin wax, having a total weight equal 
to that of the tjellulose ester or celluloid of the dope, minimises 
the variability in the tension of the aircraft fabric to which it is 
applied and improves the resistance to water. 

Formerly chlorohydrocarbons, tetrachlorethane, were employed 
among the solvents, but the vapours proved toxic, and in 1916 
their use was prohibited. The British Emaillite Co. and J. N. 
Goldsmith claim to obtain satisfactory results by replacing the 
chlorohydrocarbons by other solvents with the addition of triac'etin* 
or acetanilide in the proportion of 5-10 per cent on the weight 
of the cellulose ester used. 

Titanine, Ltd,, and Bowles claim that aeroplane dope with 
the addition of boric acid or an equivalent amount of borate to 
give 0*2 per cent free boric acid can be stored in a galvanised iron 
drum for several months with only a negligible change ifl viscosity. 

D. H. Sutherland and Wallpaper Manufacturers, Ltd.,^® claim 
that the use of “ borated ’’ benzol (boric acid 10 per cent, benzol 
90 per cent), as an addition to varnishes containing acetylcellulose 
or nitrocellulose, permits the use of a larger percentage of benzol 
without causing precipitation of the cellulose. The addition is 
claimed to replace triphenylphosphate as a fireproofing agent, to 
retard drying, and to reduce the viscosity of the varnish, 

Herzog, Hildesheimer, and Medicus^* give a summary of the 
nature of substances to be added to nitrocellulose solutions to 
produce pliability of the films. ^ 

The detailed treatment of aeroplane dope shows how the 
properties of cellulose derivatives are influenced in solution by the 
presence of varying solteijts and diluents. The properties of the 
soluble cellulose are also strongly modified hy variations in the 
conditions <0f manufacture, as was shown l!y Dreyfus: A chemical 
analysis of cellulose acetate’ is no criterion as to its suitability as 
a dope, The statements which have been made in* connection with 

3 'ane dope apply alro to the celliilosS and celluloid varnishes 
or other purposes. * * 

Black LcatW Varnishes. — Black /bather varnishes may be made 
on a spirit basis, tjje ingredients consi^ing of .shellac, sandarach, 
a spirit copal with tu^ntine and Venice turpentine, using lamp- • 
black as the black pgment. A« black harness, leather varnish 
may be made by. mixing a^id heating to boiling 24 parts shellac, 

4 parts sandhr^ch, 4 parts elemi, 1^ parls Veifice turps, and 12 parts 
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turpentine. After cooling, 1000 parts of alcohol are added, followed 
by 40 parts lampblack, and the whole is well stirred. Similarly 
a black varnish for belts may be made comprising 100 parts shellac, 
20 parts pine resin, 50 parts Venice turps, 40 parts turpent^e, 
100 parts alcohol, and 40 parts lam])blac‘k. Thesis, varnishes dry 
in the air and are elastic even when the leather is bent. 

The use of nitrocellulose solutions for patent and enamelled 
leather has become widespread, and now largely displaces the 
older linseed oil varnishes. It is not advisable nowadays for the 
leather dresser to make his own dojw' finishes, as they r(‘quire careful 
and special pre}>aration. Three coats are a^iplied, bottom^ middle, 
and top coats. The first coating is a]) plied with aTairly stiff brush 
and worked well into the leather. A high tem]KTatur(‘ is not 
required, GO^'-lOO'^ F. being suitable. Tlie (‘ffeet of drying at a 
higher temperature is to reduce the adhesion of the film to the 
leather. The second coat is to build up colour and to correct 
inequalities of the first coating. The varnish is a[)])lied with a 
well-soaked swab attached to a suitable handle. The to]) coat 
is applied in a sindlaf manner and spread thinly and evenly, so 
as to leave no tackiness, and is dried undtu’ the same conditions. 
Embossing and jafnting must be done with a s])ecial machine. 
For further details reference must be made to text- books on 
practical leather manufacture.^® 

Specifications for Resins and Shellac for Spirit Varnishes.- Under 
Shellac Vatnish {]>. 289) a specification of the AircTaft Section of the 
British Engineering StaJidards Association has b(‘en given in extenso. 
Attempts have bcim madt* to standardise a numlaT of spirit-soluble 
resins for the purposes of purchasing specifications, and it may be 
advisable to consider them carefully. W. B. Parker statt^s that 
the specifications which have l)e(‘n published do not corriilate the 
true facts concerning the.se materials with business requirements 
and general experience. Merchants and brokers do not welcome 
the introduction of standards of such substanccis as resins. To 
quote from Sir A. Denny’s address j)ublished in the Annual 
Re}>ort of the British E^igineering Standards Association, 1922 : 
“ Standardisation is reconstructitm in the very highest form. It 
^ay not lead directly to making large profits, but it will certainly 
lead to the maintenance of our industries, l)ecause it will enable 
us to compete with 4-ho best that is fmmd abroad ; it will cheapen 
manufacture * as well as increase the volume of trade and the 
prosjxjrity of this country.” Such »*a statement is applicable to 
standardisation 'of resins by specification- if it can be shown satis- 
factorily that their charact#»ri.stics ap Slefinitely cqmiected with 
requirements. The difficulty'' in the case of resins is that their 
chemical composition and projSerties appear to play a le^ important 
r6je than in the consider ^on of oils and thini|ers. The difficulties 
in specifications for gelatine may be recalled, and the same will 
apply to resins. , Parker has env.merated in Aetail the chemical land 
physical characMistics which he considers arc of importance. All 
will agree that the acfd value, an^l to a less degree %e iodine value, 
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spt^cific gravity, solubility, liardness, colour, ash content, moisture, 
and boldness of size are characteristics which differentiate quality of 
material. Is it always safe to buy on such figures ? Is it always 
(ierl^in that lustn^, hardness, elasticity, and durability of a varnish 
film are fixed by certain numerical values of such characteristics ? 
Many of the resins are fused, and the propeities of thc^ ‘‘ run ” 
resins dejiend on works conditions, which are varied. The 
pr(){)erti(is of the resin films are those of depolynuuised substances 
which ar(i inc’orporattHi in oil and thinner, and whos(‘ degree of 
dispersion is dependent on works conditions. Each factory has 
its own lAode of ttvsting act*ording to its requirements, and a standard 
spetiilication for "copals must Im- accepted with reserve. It has 
been pointed out tliat the loss in weight of running of a copal has 
no conn(H‘tion with the acid or iodim* value. NevcTtheless, in 
spirit varmsh(‘s there is sco])e for standardisation of the resin com- 
ponents, but much more investigation is required before most 
spirit lesins can l)e satisfactorily dealt with. Parker gives 
detailed specifications for. the varieti(‘s of lac (shellac, button lac, 
garnet lac), dammar, kauri, and manila, ami for tht' details the 
reader must be rehTi’cd to th(‘ original pajxT. The whole subject 
is on(i which would conu' within the sphere of work of a Research 
Association, which is so much wanted in the i)aint and varnish 
industry, if real ])rogrcss is to be gained. It is not so much a 
po}juIarity of the niethods which ai’e already known which is 
required, but a fuller knowledge of the principles on which the 
methods are based. 

The Analysis of Spirit Varnishes.— The scheme of anahsis is 
divided into two sections : (1) Tlu‘ scpai*ation and estimation of 
the solvent ; and (2) the examination of the residue^ afk^r the 
removal of the solvent. 

The Separation ami Estimation of the Solvent. ~li the solvent 
be alcohol, distillation and examination of the distillate is carried 
out by the usual uudhod, and the distillate may be fractionated. 
If the removal of the sohent be (‘arritid out in a (*urrent of steam, 
the volatile solvent insoluble in winter wilUseparate and the water- 
soluble com})onents must be examined separately. For details of 
the detection and estimation of methyl alcohol, ethyl alcohol, amyl 
alcohol, amyl acetate, ac’^ione, ether, benzol, chlorohydrocarbons, 
etc., reference must be made ta Allen’s Oomm^rckil Organic Analysis, 
as well as for I he anilinq colours in colourecf spirit varnislfes, which 
have replaced the vegetable (fyes fornmrly used, because of their 
greater variety, cheapness | and general stalulity to fight and heat. 

The Exa'mination of ihe^ Residu^f — ^Tne examina1?i»n of the 
residue, if an oil be present, is the ^me as in the case of an oil 
varnish involving separation of oil and resin. If oil be absent, the 
resins can be detected by special tests, >^ich have been dealt with 
under the heading of Rq^iins. It has been pointed out that a scheme 
for ♦he general estimaoiod of resins^in a mixture is very imperfect 
and generally unsatisfactory^ , ^ * 

H. Rebs*^^ Jias put forward a scheme for the detection and 
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separation of the commoner resins. Concentrated acetic acid 
will dissolve lac, rosin, an oleoresin of turpentine and accroides 
resin. Very dilute ammonium chloride will dissolve lac, while 
manila, sandarach, rosin, and accroides are insoluble. Beiy.ino 
(light petroleum) will dissolve rosin or an oleoresin, but manila, 
sandarach, lac, and accroides are insoluble in that solvent. In 
order to separate the different resins qualitatively and quanti- 
tatively in a spirit varnish, the solvent is distilled off, the residue 
is finely powdered and warmed on the water bath with the 
solvents mentioned above. If lac and rosin be present, the lac 
will dissolve in very dilute ammonium chloride. Lac# may be 
separated from manila or sandarach, and likewise ffom rosin, but the 
separation of sandarach from manila copal is very doubtful. The 
estimation of dammar admixed with spirit copal or kauri by means 
of alcohol and chloroform has been put forward by Stewart.^® 
The resin is boiled with alcohol, which dissolves the spirit copal and 
part of the dammar. The residue is extracted with chloroform in 
a Soxhlet, whereby the remainder of the dammar is dissolved. 
The amount of the cRloroform-soluble extract is a measure of the 
percentage of dammar. The insolubility of a genuine sample of the 
particular variety of dammar must be known. * 

It is evident that the methods of separation of the individual 
resins in a mixture are by no means satisfactory, and there is need 
for much investigation in that field.^® At present the works tests 
are essentially the most reliable. Elasticity, lustre, hardness, 
uniformity of film, and, in the case of coloured spirit varnishes, 
stability to heat and light, are compared against special require- 
ments. On metals the varnish film must be clean and the coating 
must not have an acidity likely to set up chemical interaction with 
the metals. Determination of acidity, behaviour on drying, flow, 
colour, and specific gravity are compared with corresponding values 
of the standard sample. 

If the spirit varnish contain nitrocellulose, celluloid, or cellulose 
acetate, the residue after the removal of the solvents must be 
examined by special tepts. Treatment with a dilute solution of 
diphenylamine in concentrated sulphuric acid will give a blue 
coloration in the presence of nitrocellulose. Nitrocellulose may 
*be estimated in the residue by measuring the volume of nitric oxide 
evolved by the aettion of ferrous chloride and hydrochloric acid 
at 100° 0., whereby the nitro-group of the nitrocellulose is reduced 
to nitric oxide. » ' «» 

camphbr, »which can be Removed by qthJr or by mef^iyl alcohol, in 
which the nitrocellulose is insoluble. 

„ For the detection of cAlulose acetate, gentlo heating with 
Cplicentrated sulphuric a<Jid and a little alcohol will give amyl 
acetate. ^ 

♦For the identification of the cellulose component the oriMal 
^^esidue may be bailed with hydrochloric acid (s.g 1*10). neutralised, 
md tested for the sugars with Fehling’s solution. Jhe cellulose in 
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nitrocellulose and celluloid can likewise be detected by the ]oto- 
duction of reducing sugars on hydrolysis. 
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CHAPTER XVI 


INSULATINO VARNISH KS 


Varnishes arc valuable insulating materials, owing to the high 
dielectric constants of resins, vegetable oils, and pitches. The 
following table gives the specitic indiuitive capacity of a number of 
insulating materials : 


Asphaltum . 
Glass, Crown 
„ Flint . 
ParaHin 
Rosin . 
Shellac . . 

Porcelain 
Paper . 
Mica 
Sulphur 
Castor oil 
Turpentine . 
Petroleum . 
Bakelit-o 


ft 


2-G8 
5-7 
7 -10 
2 — 

1- 8-2-C 
3 -3-7 
4-4-()*8 

2— 2T> 
.5-7-7 
3()-4'3 

4- ()-4-8 
2-2-2-3 
2 0 - 2-2 

5- 7-G-8 


(Pirani). 

1 


Kayo and Laby 

(Physical and Choniloal Constants). 


(Elect. Test. Laboratories, N.Y.). 


The solution of gum and oil in suitable thinners is allowed to 
impregnate other insulating materials and, after volatilisation of 
the solvent, a film of non-condueting material is left with good 
moisture-resisting pro]tcrties. The moisture-resisting properties of 
a varnish deserve careful consideration. Those engaged in the con- 
struction of electric machinery know the great hygroscopic power of 
most of the principal materials employed, cotton, pa|)er, etc. They 
know also that moisture is the most dangerous factor to be con- 
sidelhed in problems of insulation. If the nlm be sufficiently elastic 
to bear strain, undei^ ri^e of temperattlre without becoming brittle 
or fusing,' the surface coating will ren?ain intact for a feng period. 
Another factor of importance is the penetrating power of the 
varnish kito cot’lon or paper, whereby tip dried material becomes 
cemented bjr the impregnating substance. It is necessary to dry 
carefully cotton and paper ^used in windings or as insulaiors, 
previous to the application of the varnish coating. ® ® 

The functions ^ insulating varnishes are : e* 

(1) To provide a waterproof coating witb sufficient elasticity to 
.wiflistand the movement between parts produced either by r5ta- 
tion or by magnetic or electee forces. ' 
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(2) To increase the insulating properties of the impregnated 
material. 

(3) To protect the parts from the action of oils and acids. 

(4) To ])revent excessive rise in temperature through their 
relatively high thermal (;onductivity. 

Cf^sification of Insulating Varnishes. — The deHcri})tion of in- 
sulating varnishes has not received proper attention in many 
English varnish text-books, although some varnish firms issue 
pamphlets describing the properties and uses of their preparations. 
It is gtmerally kdt to the electrical engineer to put forward his 
rcfjuiremimts and to state the conditions under which the materials 
are used. A short descitiption of insulating varnishes is given in 
Morrell and de*Wa(‘le's Rubber, Resins, Paints, a7id Varnishes 
(1921), which is bas(‘d largely on Khuning and Johnson’s Insvlation 
and JJesifjns of Electrical Windiwjs (1913). A more recent publica- 
tion is Les Veniis isolants m decirotechnupie (A. R. Matthis, 1921), 
which gives full d(‘tails as to their composition, properties, and 
modes of applitiation. An attempt will mad(‘ to indicate the 
classes of varnishes suitable for diflerejit systems of insulation, 
without going into details of tludr eom])ositif)n. To the electrician 
a breakdown due to defective insulation is costly, and leakage oi 
current mak(\s (‘conomicul and safe working imj)ossible. The 
varnish wdiieh will sufiiei^ for ail ])urposi*s does not exist, and the 
only way is to manufacture a series of products, each specially 
designed to meet lequirements. 

Eleming and Johnson ^ (dassify insulating varnishes as follows : 

(1) Varnishes for itnpregnating windings; (2) varnishes for 
treating papei’ and fabrics : (3) cementing varnishes ; (4) finishing 
varnishes. 

Varnishes for Impregnating Windings. —These varnishes arc used 
to fill the coverings of windings, thereby increasing their insulating 
value and rendering them moisture-resisting. They are required to 
withstand the action of hot mineral oil, whii'h is essential in the 
case of oil immersed windings. The varnish films should be 
sufficiently flexible to withstand mechanical str(‘ss and also the 
expansion or contraction of the wdndii^s, and to retain their 
flexibility for a long period. Tlieic' must be no corrosive action on 
the copper (ionduetor or destruction of the fibrous insulation cover- 
ings by any comjxment bf.the varnish. They should be free from 
organic' acids winch tend Uf become activf during the process oi 
oxidation of the varnish, especially on stoving. The siirfgfcc acidity 
of the film, which is if result of the drying process, must be reduced 
to a minimum, and the ^lerfect smoothness of tSe film .must be 
maintained ^ as to.avora qpndensatkm of water. Th« corrosive 
action of the varnish on copper is noj serious, except in the case of 
fine windings, 002 in . diamek^r and smaller, but it is advisable to test 
the varnish beforehfcid by covering a pftite of copper with a linen 
band, impregnating it \^th the varnish, and allowing it to dry. After 
thrie days’ exposure \-o tire air the»copper and the linen ought not 
to have acquired a green ctlour. Any^ corrosive Action appears tc 
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cease when the varnish becomes dry, since the green discoloration 
often noticed on cotton-covered windings, impregnated with resin- 
linseed-oil varnishes, especially those containing turpentine, occurs 
only during the drying process. When once the varnishes have 
hardened, no further action is observed, provided that the cotton 
has been properly dried previous to insulation. , 

The conditions governing the production of chemical action in 
high-voltage windings are given by Fleming and Johnson, ^ and may 
be summarised as follows : Chemical action occurs only where air 
pockets are present, due to lack of care in construction of the wind- 
ings, and then only when the voltage across them is high enough to 
produce discharge. The action of the products of an* air-gap 
discharge is one of oxidation, and the effect produced on oils and 
gums is to )deld organic acids, whereas asphaltums are attacked 
only to a limited extent and paraffin wax remains unchanged. 
The organic acids act strongly, disintegrating on the varnish 
material. The production of nitric acid is not essential for deteriora- 
tion of insulation, although when it is produced the action is 
, greatly accelerated. For the range of voltages in use and with any 
of the methods of winding and insulating commonly employed, 
failure of machines from chemical action is not to be expected, 
when the average stress across slot insulation is less than 35 volts 
per mil. Generally, the electric stresses are really very low, and 
in held coils are much lower than the above figure. A much higher 
average stress than 35 volts per mil. of slot insulation is safe when 
the size and number of the conductors permit the best method of 
grouping and insulating to be employed, and when special pre- 
cautions are observed as to the kind of materials used and the proper 
filling of the interstices. The green discoloration which frequently 
occurs on coils of any voltage treated with resin-linseed-oil varnishes 
should not be confused with the chemical action due to the products 
of the air-gap discharge, which takes place in high -voltage windings 
only. Such discoloration is quite harmless with the best makes 
of varnishes. 

Experience has shown that the organic acids are not the main 
cause of insulation failures. 

Matthis ® considers the presence of rubber or vulcanised rubber 
to be no advantage and the latter a real disadvantage. It would 
appear that the breakdown voltages of rubber films obtaineid from 
.solutions of rubber ifi solvents are loW compared with oil varnish 
films. A certain amount of metallic drier is allowed ii^* air-drying 
coatings, and of .manganese and cob^t in stoving varnishes. The 
oxidation of a varnish continues slowly ef^en after it is apparently 
dry, so that‘ the elasticity wll) slowly decrease, and eare must ^ 
taken that the amount of drier present is not excessive. An air* 
drying oil varnish ought 4o be hard in ten to fifteen hours, and a 
Stoving varnish in tSvelve to^ffifteen hours, at a ternperature of 100® 0., 
bq^ much depends on works conditions. Pitch varnishes containing 
linseed oij have a* more permanc^nt flexibility, but are lees resis^t 
to mineral oil. R^esin^dissolyed in spirit or m a euitable peirol^un 
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thinner separates out on the expulsion of the solvent, but the films 
lack the flexibility of linseed oil varnishes. Shellac varnishes are 
more suitable for insulation of low voltage windings, such as in- 
strument coils, where the temperature variation is small and no 
mechanical stresses have to be considered. The coatings are brittle, 
and «,lthough shellac dries quickly it does not withstand the action 
of moist air. 

The so-called heat-radiating varnishes are comparatively poor 
insulators, due to the amount of mineral matter employed in their 
manufacture, and more satisfactory results are obtained by filling 
the inty*atices in the windings with solid compounds. The formulae 
given below may be considered as typical of oil and pitch insulating 
varnishes : 


Sfcoving InsiilatlDK Varnish. 

St«»ving Black Insuiating 
Varnish. 

linprcgnatlng Compound. 

300 i)arts sfainl nil 

300 „ (-'liiirn wood oil 

135 „ Inirdcned rosin j 

7i luanganeac dloxi<lc 

600 „ iigljt petrolcmu I 

3(K» i>arts thick luLseed «nl 
^ HM) „ aKptmltiim p^tcli 

7 ,, sulphur » 

'1 „ litharge 

1 „ inaiiganese dioxide 

loo .. Uirps 

400 „ light i)etrolenm 

100 parts aspluilt. 

200 „ crude bzokoribe. 

70 „ rosin. 

(Seeliginan and Zlekc.) 


The varnishes must be clear, lurntral, or only slightly acid, and 
chemically stable to withstand temperatures even up to 200° C. ; 
they must be unattacki^d by lubricating oils, resist the action of 
ozone and salt water, and bo unacted on by acid vapours such as 
may be evolved from accumulators. 

The Sterling Varnish ('o. recommend the following general tests 
for viscosity, elasticity, adhesion, penetration, behaviour at high 
• temperatures, heat conductivity, chemical resistance, dielectric 
rigidity, resistance to water, alkalies, acids, and mineral oils. A few 
of these requirements may bt^ treated in detail. 

Elasticity , — ^The degree will d(^pend on the requirements, but 
for impregnating purposes it must be high, and the brittleness test 
already described (p. 233) will apply. *Insk*ad of sheet metal, 
either linen or yjaper may be used by bending the coating over a 
' piece of wood of known thickness or a metal wire of known rajliuS. 
A layer of thick varnish 's^ow.^ less elasticity than one which is 
thinner, but this depends on the varnish *under examiaation. A* 
film of an Sastic varmsh on iqetal is less dependent of the thickness 
of the layer (p. 266). o 

Penetration , — A bettej penetration^iv^ better insujatmg power 
and depends' on the consisitency. ’ The density is relalied to the 
penetrating power, because it is often an indication of the dilution by 
thinners. In all iijipregnation schemesLit is advisable to provide 
for an outlet of th? imprisoned air in the windings, as well as for 
suitable passages for fh« ingress jf the insulating material. The 
de^ee of penetration may be arrived at by obsq^ving the number 
of layers of#cottofl-covered wire impregnated by the material after 
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a period of immersion at a fixed temperature. Another metfiod is 
to observe the number of sheets of blotting-pajw, built up into a 
pile of known thickness, through which the varnish will penetrate. 

Hmt Coind/iiciwity — is a difference of 25 })er cent in the 
temperatures of an unvarnished and varnished cotton -covered A^ire 
on the passage of an electric current, so that it is advisable to have 
as insulating material a good conductor of h(‘at. The heat effect 
may be compan^d by measuring the r(\sistane(‘ of the insulated and 
non-insulated coils during th<‘ pas.sage of the current or the diffeu’- 
ence of potential between the extremities. 

Breakdown Voltage Test.~Tho testing as carried out by the 
National Physical Laboratory is on the lines of ir>'pregnating coils 
of double cotton-covered wire and submitting adjacent layers of 
the coils to an increasing alternating voltage until tlu^ breakdown 
occurs. The pi*essure is apjdied to the coils in steps of KK) volts 
for ])eriods of one minute, starling at 500 \olts. The varnish 
coating would have been previously stoved at 155^ F., 23 in. vacuum, 
or 240'^ F. at ordinary ])ressure. 

® The coils used arc ‘Uiade up with No. 20 double cotton -covered 
wire, the winding and number of turns Ixnng id{‘ntical in all the 
coils. They consist of four layers of winding, each aj)proximately 
2 in. wide and 4 in. in diameter, wound in close contact on a fonner 
and bound together with silk ta])e in the usual way. The coils ar(‘ 
dried in a vacuum bcforci impregnation with the varnish. The 
results of the tests on the dry coils are scheduled in the following 
table : 


Varnish. 

Method of 
•Stoving. 

Breal«do\^Tj 

Voltages. 

rime of Wilh- 
siiindlng lin'ak- 
<lowo Voltaire. 

Mean 

IheakdoMn 

Voltage. 

1 . . . 

155" F. 

1300 

Uncertain 

1330 


(Vacuum) 

1300 




,, 

UOO 



8 . . . 


1200 


1270 



1300 





1300 



1 . . . 

240" F. 

1400 1 

1 0 seconds 



(Atmospheric 




f 

pressure) 

1400 

f 0 

1400 



1 1400 

' r> 


8 • • . 

c 

0 

1200 ‘ 

0 M 




1300 ^ 

.0 .. 

1 1270 

_ 


_ 

L _ 

* 


Angther method of npiasuring breakdopn voltage is by impregna- 
tion of cotton or paper by the t arnish wnd subjecting it^to an electric 
tension betwetm two electrodes until a breakdown occurs. The 
voltage is gradually raisc^l in successive stages of" lOU volts per 
minute.. The thickness of the layer is taken, 'S.nd if the thickness 
of^the cotton or paper is known, the thickness of the varnish films 
can be obtained^ The breakdown voltage is stated for 1 ffim. 
4hickne88' of film. The following thble givers thce breakdown 
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voltage of a number of varnishes applied on cotton. The weight 
of the varnish is known, and the thickness is that of the impregnated 
cotton. The density or the amount of varnish per cubic mm. is a 
measure of the actual protecting thickness of the film. The jier- 
cerftage of abs(>rbed moisture was obtained by hanging the strii)s 
in a damp atmosphere for one hundred and sixty -eight hours. 


On Linen CotLjn. 

* 

• 

Weittht, 

prams. 

Thick- 

IICSS, 

mm. 

Density, 

menns. 

IKT 

c.mm. 

lireakdewn 

Voltape. 

llrcak- 
(U)\vn 
Vf)lt}ipe 
per min. 

IVr cent 
Water 
Absorp- 
tion 

(KiShrs.). 

Hlaok oil vaniish for 
coils 

(i -807*2 

0:i898 

u-r>728 

1000 

2,00.^ 

2 -.5 

Clear varnish . 

7-»:h)8 

()-:i32r> 

o-7,“>:i2 

3800 

11,400 

7-25 

Clear varnish . 


(C31G0 

0-7079 

3983 

12,000 

1 0-15 

Black tinisliin^ var- 
nish 

7-056(i 

u:i82 

j 

or, 967 

783 

2,049 

1-8 

Cotton 




200 I 

15-6 





(flu dried) 




The pressur(‘ test affords no real criterion as to the safety of 
windings against chemical ai'tion, since the stress at which the latter 
takes place is usually far below that at which disruption of the 
insulation occurs. 

Resistance to The varnished windings are kcy)t in steam 

for twenty-four hours or in a moisture-saturated atmosphere for a 
period of days and then tested for breakdown voltage, which ought 
to be unchanged. 

The Action of Acids. — Immersion in 10 per cent nitric acid or 

10 per cent sulphuric acid must show no change in the aj^pearance 
of the coating. 

The Action of Ozone. — This test is of importance as affecting 
the chemical stability of the matcuial. It may be carried out by 
subjecting the films to a voltage, 75 jier.cent of the breakdown 
value of the tilm, applied for six hours so that the ozone produced 
may act on the varnish. At the expiration of that period the coat- 
ing must be unchanged. • , • 

The Action of Lubricating Oil. — The insulfwted material is sub-#^ 
jected to tV action of lubricating oil for twelve hourl af 150° C., 
and any altcT-ation ii^ tlie appearance or softening of the film is 
noted. It is advisable to carry out a blank test witfi the lubricating 

011 heated un^er the samel conditions, «o as to observe tiny change 

in the appearance of the oil due to*action of the varnish on it. 
Some authqritiij^ recommend immersfon in mineral oil (s.g. 0-89) 
at 100° C. for one hiiy;idred hours. • • 

The American requirements for insulating varnishes may be 
sumgiarised as follows Insulating* varnishes may also be clashed 
as baking oil, air -laying oil^and air-drjdng sjpirit varnishes. For 
coils of armhtiires or rotating paij^s the varnish films must have 
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high dielectric strength and be impermeable to moisture. For 
stationary parts careful selection is not so vital, though dielectric 
strength must be high. The suitability of a varhish for insulating 
purposes is determined by its dielectric strength, an ageing test, |ind 
a test on coils ; the latter comprises time of dr 3 diig, measurement 
of insulation, resistance between parallel conductors Under \%riou8 
conditions, the penetration and internal drying properties, and the 
tendency to discolour when the coils are subjected to heat and 
moisture. The dielectric strength is determined by dipping a strip 
of paper, 0-025 min. thick, in the varnish to be tested and deter- 
mining the breakdown voltage of the varnish film. Thee paper is 
^ven two dips and is drained in the opposite direction between 
dips. In the case of a baking varnish the paper is baked between 
the dips in an electric oven. For an ageing test a piece of the 
varnished pajier is kept at 80° C. until it will break when bent 
double, and the time of heating required is noted.* 

Solid Impregnating Compounds.— Solid impregnating compounds 
on an asphaltum basis have been preferred for field coils and 
stationary windings. **The impregnation is complete in one opera- 
tion, the coatings are more chemically inert, are better fillers, and 
more resistant to moisture. The temperature of impregnation is 
[ligher for a “ compound ” than for a varnish ; in fact, it must 
be as high as possible, whereas with varnishes it is as low as possible. 
There is a difficulty in the selection of an asphaltum which will 
impregnate the windings at suitable temperatures and will not 
ooze out during use. The oxidation and polymerisation of a 
varnish will give an elastic coating sufficiently hard, and will not 
soften under the influence of heat, but it is difficult to remove 
completely the whole of the volatile thinners from the interior of 
the coil unless precautions are taken to provide suitable outlet 
passages. The impregnating compounds require no thinners and 
solidify on cooling, rendering the enclosed parts insensible to 
rtbration. If a machine be overloaded, the impregnating com- 
pounds will, unlike varnishes, soften and melt; and if the parts 
revolve, centrifugal forpe may cause exposure of parts requiring 
protection. Generally the asphaltums used soften at 105°-116® C. 
and do not become appreciably fluid below 150° C. They consist 
oi asphalt, pitch, rosin and copal, run together until water has 
been expelled. Inc order to make « them mineral-oil resistant a 
certain a'mo'dnt of sulpiiur is mixed in. ^ 

'If the impregnation temperature^ be tb(v high (abOve 176° C.) 
there i8t.dangei^ of carbonising the cotton covering. Impregnating 
compOimds are not much employed^ in Hranirformer^j work. Theii 
resistance to lubricating oil ife' inferior to that of oil varnishes, and 
it is doubtful whether therS is an oil-re&sting c(?mp 9 und on the 
tharket. In the .examm^tion of samples it advisable to select 
one from the middle of a cask. The fusion temperature may k 
bUten as that «^t which the first drop falls from the bulb of the 
bhermometer to' which a piece of a softened sample has 
attached. Thes penelratioh power may be arrived^at^by the swnc 
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method as described under Varnishes. The hardness may be 
measured by observing the depth of penetration of a needle (1 sq. 
mm. section) under a known weight during a given time and at 
a fixed temperature. The viscosity can be determined by any 
toflsion viscomeier (Doolittle or MacMichael). 

The thermal conductivity of “ compounds ” is greater than that 
of varnishes, and the temperature in the windings will be lower 
in coils impregnated with compounds. The resistance to water 
and acids can be carried out as described under Impregnating 
Varnishes. 

It must be left to the electrician to decide whether he will use 
an impregnating compound or a varnish, as much depends on the 
construction of the machine. The mode of testing will be prompted 
largely by ttichnieal requirements, and the engineer will use the 
methods that he finds most suitable for the conditions to which 
the machine has to be subjected. 

Methods of Application of Insulating Varnishes.— The thickness 
of the varnish required for impregnation varies with the parts of 
the machine to be insulated, and the diktiqp by means of tliiimen^ 
will vary with the number of layers, dimensions, etc., of wire in 
the coils. Varnishes possessing the same density need not possess 
the same consistency, and the viscosity value is of much greater 
importance. The s])ecific gravity variations are of use only when 
dealing with the same varnish. 

The insulating value of a varnish depends on its penetration, 
and also on its viscosity. Too thin a varnish gives poor dielectric 
strength, due to lack of body ; too thick a varnish yields poor 
dielectric strength, due to lack of penetration. The dielectric 
strength is greatest for minimum increase of thickness, i.e, when 
the breakdown voltage per unit thickness is the maximum, 

, The complete drying of the parts to be insulated is of the 
highest importance, because of the heat developed by alternating 
electric stresses. If enough water be present to permit of electro- 
lytic decomposition, no varnish can withstand it. Insulating 
material consists of fibres in which traces of moisture may be 
enclosed. Under alternating electric strains a “ current of dis- 
placement ” is developed which generates heat. The increase of 
temperature decreases Jhe dielectric strength of the materials and 
also ruptures the films of insulators applied. Owing to its hygro- 
scopic nature, cotton holds 6-8 per cent #nc8sture qpder ordinal^ 
condition^! The ir^ertante of complete drying is admitted by 
all, and many breamowns attributed to varnisli^s are really due 
to humiditv enclosed |n the materiala. To expel moisture a 
temperature of 100°-110^C.4s reqwiuefl in a stove suitably ventilated 
to remove the evolvec^ water-vapmir. The use of vacuum stoves 
avoids the dftficujties of preventing absorption of water-vapQur, 
gives economy of Vorking with no d^rioratfon in the materials 
to be insulated, and renders them more susceptible to impregn||bion. 
Cotton thread, although unchangSd at 100°-110J*C., begins to turn 
yellow at #175° C., and a^ 226^ C. carbusatlon becomes marked 
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and is complete if the cotton be kept at that temperature. Matthis 
considers that the introduction of a little warmed air during the 
vacuum drying is of advantage. Impregnation fa’ lows the vacuum 
drying process, and the varnish is drawn into the receptacle auto- 
matically. The vacuum ought to be good, i.e. 99 j)f r cent, in order 
to ensure complete removal of moisture. Volatile thinners esct.ping 
during impregnation may be collected in a suitable condensing 
system. The impregnated parts are stoved in well- ventilated 
stoves to facilitatii oxidation, the temperature b(‘ing measured 
by pyrometers, which can be read outside the stove. Uniformity 
of drying is advisable, and the stoves ought not to be opened except 
for removal of the whole charge. If gas jets are used for Jmating, 
it is advisable to have a ])crf orated plate above them so as to 
distribute the hot air. If the stoves be sU'am-heattHl, the pipes 
should be laid around the sides, and if electricity be used the system 
of wires should be similarly laid. The time' and tem])ei‘ature of 
stoving depend on the engineer's reciuinunents ; e.g. 240 at 

ordinary pressure. If a vacuum stoves be us('d the tem])erature 
<may be 155® F. with 23jn. vacuum. The stoved layer of insulating 
coating must not have a tack. When two or more coatings are 
applied, the windings should be drained from opposite (mds so as 
to make the coating as uniform as possible, and the first must 
be dried thoroughly before the application of the second. In 
dealing with compounds ” the windings to be impregnated arc 
dried in a vacuum chamber. The (‘ompoiind is melted in a steam- 
coil -heated tank and introduced into the vacuum chamber by 
opening a valve in the connecting pi]X‘,, the atmospheric pressure 
forcing the compounds out of the melting tank into the vacuum 
chamber. The windings are subjected to an air pressure of 80 lb. 
to the square inch, so as to complete the impregnation. The 
remainder of the compound after the impregnation generally 
requires addition of a suitable blender to restore the original 
fluidity. 

Fig. 42 is a diagrammatic reiuesentation of the plant used in 
the process. 

Varnishes for Impregnating Papers and Fibres. — The require- 
ments are good flow, good penetration, high moisture -resisting 
power, and great flexibility. It is of impo^gbance that the physical 
properties of the coating should be |)€rmanent under working 
conditions,^ sq that ft does not become brittle. Freedom from 
minenal acids is not of importance, wovithid that the*, paper or 
fibre is unattackqd. The varnish coating after stoving at 100° C. 
must giye^' a smooth elai^tic surface witk a thickness of about 
0-002 in., afld must be unaltefad'by hoi oil. The insufated fabrics 
or paper are tested according tc> the scheme ^already described. 

yarnlshes for Cementln^^ Purposes.— These T^armshes* are used 
^in the building up 6f mica sheets and in the jfl’eparation of mica 
cloth^ Spirit varnishes, shellac ydth or -syitiiout rosin, or spirit- 
Solut)le copal in methylated spirft, may be used. The addition of 
a.iittle castor oil ednfers elasticity. The varni^es d*y without 
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oxidation, but their use is restricted by temperature limitaticms. 
Oemu’ally they are made up when rcjquired ; e.g. in the proportions 
of 1:1, colourejJ with aniline colours. The air -dried layer must 
not lx‘ sticky. Varnishes for cementing purposes depend largely 
oA the us(‘ to ^'hich the cemented mica is put. The material used 



Fig. 42.- Ij^prosnatlon plant (Klen^ng and Johnson). • 

in a commutator ne^ds to differ* considerably from a cemented 
layer usCd fT)r mere insulating purposes. They find employment 
in the pr<^paratfen of insulating tufies and* cylinders of p&pers 
and mica. t ^ 

* Varnishes lor Finishing Purposes.— These varnishes are used to 
give a sn^ooth opoating to*the coils ar^d windings, which will prevent 
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dust and dirt accumulating on the surface. They must be air- 
drying or low-stoving, and be able to resist lubricating oil and 
sulphuric acid. Shellac^ with or without rosin, an^ pitch varnishes 
give a smooth surface, but are apt to be brittle, unless some elastic 
oil com]X)nent is jjresent (castor oil in shellac and tj^ick linseed i/il 
incorporated with pitch). The varnishes are sprayed,^ or brushed 
on. Provided the windings are protected by smooth tape, the 
impregnating varnish is often sufficient, although the surface must 
be hand brushed, whicffi adds to the cost of production. 

Varnishes for Transformers. — Eor dry transformers (cooled 
naturally) micanite insulation is employed, but micanite sheets 
can only be used in small oil-insulated transforniejrs, because the 
material causes overheating, being itself a heat insulator. The 
usual insulating material is fibrous material in the form of sheets, 
but treated paper in the form of micanite and Bakelite cylinders 
and sheets are used. The insulation must not deteriorate up to 
temperatures of 95° C. or under the influence of oil, and must 
not show any acid tendency.^ 

Enamelled Films. — To remove the difficulty of the hygroscopic 
properties of cotton, tfie wires may be covered directly with an 
elastic enamel and be used without further protection. The wire 
is drawn through the varnish and dried rapidly by being passed 
through a stove heated to 275°-28()° (1 and the temjierature is 
carefully controlled. The stoving heat is much above the point 
of carbonisation of cotton, and owing to the relatively small thick- 
ness of the enamelled film the dimensions of the coils may be 
considerably reduced (see table below). The varnish consists of 
a pitch -resin -linseed -oil mixing with suitable thinners, and the 
coating must be elastic. Some enamelled films are on a soluble 
cellulose basis and do not require the high stoving of the enamels 
containing pitches. 


Copper Wire. 

UiHuictur in Mnw. 


1. 

2, 

Bare . . „ . . . 

012 

0-6 

Enamelled .... 

0-14 

0 62 

-f I layer cotton 

017 

0-57 

4- 2 layers „ . . , 

0-22 f 

06 

-f 1 layer silk 

« 

0-UB 

r 

0-626 


is 
pla 

cracking, and after heating at l50° C. for ten hours thfty nlust show 
the Same elasticity. *They nfust be able to withstand an elongation 
%if 10 per cent without cracking. ^ « 

Jbe' breakdown voltage for wiles of J nim. or 1 mm. diametdlf 
must be 5Q0 volts oV <25p voltg, according as the electric ^Jjension ia 


The requirements are the productida of a lAiiform layer which 
unchanged by ^ sun or ^moisture, and wninflammability when 
ced 20 mm. above a burfugn, flam^. The films ifiust stand 
iding around a rod four times the diameter of the wire without 
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applied between two layers of wire or between one layer of wire 
and the metal cylinder around which it is wound. A third method 
of testing is by winning the wire continuously through a mercury 
bath and applying electric^ tension between the mercury and the 
wife. A voltSige of 60 is ^sufficient for the test. The wire is 
passed through the mercury bath at the rate of 15 metres per 
minute, and not more than 400 ruptures per kilometre or one rupture 
every metres should occur. Enamelled wires are used in 



A « Gonipreiigion tap. E — Safety valve. 

B ** Safety valve, F •- Steam gauge. 

C “ Pressure gmipii!, G = Steam chamber. 

D « Exliaust tap. ^ H Stea||fi valve. 

t ■* Ik 

interruptoi^ coils, tel^hone »^ceivers, electric bells, induction toils, 
and transformer coilsT ♦ 

Bakelite Varnishes .®~^Reference has teen made ip ^n earlier 
chapter to tile uses of Bake4it>e for kSulating purposes.* Its heat- 
dispersive power is sai(h to be slightly superior to oil or pitch in- 
sulators, so th&t accidents due to overcjiarge and overheating aire 
avoided. Paper imfiregnated with Bakelite is used in the manu- 
facture of IVIicarta sheeis, J^ertinax Jubes, and transformer terminals. 
Th8 process is to impregnate with the varnish^ ^nd, after drying, 
a sufficient number of sheets of paper affe pressed to^rether or rolled 
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into tubes ; in this way cylinders 3 ft. in diameter and transformer 
terminals from b to 9 ft. long are produced which will stand 
100,000 volts.’ The dielectric strength of Bakelito is 53,700- volts 
for in., or 20,000 volts per min., conniared with 50,4(>() volts for 
-/,r in. shellac ])a])er. The Bakelite « paper has g/tbd mechanif‘al 
resistance and elasticity, so that it can be bent on itself and made 
easily into tubes. 

Bakelite A recpiires a stoving heat of 140''-170" under ordinary 
pressure. If tlie materials aft<T impn'gnation be lu^atiid in a 
jacketed Bakeliser iindiT a pressure of 150-250 lb. jier sq. in., the 
change into Bakelite B can be brought about in five to ten minutes 
(Fig. 43). 

Resinite of Ijt'baeh can b(‘ stovcnl luud at K0°-00" C. to give 
complete haidness. The liijuid Bakt'lite serves for impregnation 
for dynamo work and iwmetrates satisfactorily into the windings, 
giving a solid block on stoving. It is not hygroseiqiic. 

Bakelite (> not suitable for inqin'gnation, bi’ing inelastic. 
It is generall}- im'orporated with asbestos, etc., and on heating 
^becomes insoluble and infusible. 

Bakelite has not as yet replaced impregnating compounds, in 
spite of its high dieleetrii* projierties and its power to resist acids, 
chlorine, and weak alkalies. It is stated that the difficulty of 
dismantling of jiarts insulated with Bakelite is considerable. 

It may be asked, “ Is it advisable to re- varnish or to re-irnpregnato 
after a period of use '{ ” The bt‘st mat(‘rials will deteriorate in 
time. Re -impregnation will mean dismantling of the parts of the 
machine, a course which is advantageous, but entails putting the 
machine out of action for a considerable tim(\ In the majority 
of cases re-impregnation is not necessary, and it is suiliciemt to clean 
the surface from dust and oil and to ap])ly a coat of air -drying 
varnish by means of a brush or by dipjhng. 
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CHAPTER XVIT 


J)KVIN(; OIL AND OIL-VARNISII ANALYSIS 


Dryimj Oih 

In the examination of a drying oil it is advisable to determine 

(I) s|X)eifie gravity, (2) iodiru* value, (3) acid value, (4) saponification 
value, (5) amount of unsaponifiable matter, (fi) the moisture content, 
(7) the percentage of' oxidised acids, (K) the ivfractive index, (9)* 
the ether-insoluble bromide value of the oil or its corresponding 
acid, (10) the drying timi^ of the oil against a standard linseed oil, 

(II) the amount of mucilage, (12) the colour, and (13) the viscosity. 
Nos. 1, 2, 3. 4, 9, 10, and 1 1 arc generally essential. In the case of 
China wood oil the determination of the refractive index is of 
importance. 


I. Specific Gravity 

The methods enpiloyed require either a specific gravity bottle 
or a Sprcngel tube, but generally tlu' Wcstphal balance is preferred, 
^especially w hen considerable quantities of the oil under examination 
are available and it is not too viscous. For works ]jractice an 
ordinary hydrometer is the most convenient. For directions as 
to the use of all these instruments reference may be made to Fryer 
and Weston, Oiht Fats, awl Waxes, vol. ii. With the exception 
of China wood oil (s.g. (1-940 (15 rF C.)) all the drying oils have sjieeifio 
gravities lying between 0-925 and 0-933. 

U* Iodine Value • 

• • - 

This is1\ valuable guide .as to the drying power of an oil^ and 
represents the percefitage of iodine absorbed b]i an oil from a 
suitable reagent. Htibl.J found that iodine in alcoholic solution 
in the presence of mercuric* chloride Vas quantitative^ absorbed 
by unsaturated fats amd oils. Th» Hub! method requires the 
following solufeons^: (a) iodine solution, which is prepared Jiy 
dissolving 25 grams^of iodine in 590 c.c.^of 95 per cent alcohol and j 
mixed with 30 grams «f, mercuric chloride dissolved in 500 c.c. of 
95*per cent alcohol. These soluti?>n8 should be^ mixed only when 
required an<i the •mixture t)e allowed *to stand twenty-four hours 
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before use ; {b) a standard solution of sodium thiosulphate ; (c) a 
solution of potassium iodide, free from iodate. The solvents for 
the oils are chloroform and carbon tetrachloride, and they should he 
pure. Ether may not be used, but bepzol (free from thiophene) 
or glacial acetic acid may be employed, / • 

The determination of the iodine value is carried out as folkws : 
From 0-15 to 01 8 gram drying oil (()-2-0-3 gram semi'drying 
oil) is weighed off accurately into a bottle of 500-800 c.c. capacity, 
provided with a well-ground stopper. The oil is dissolved in 10 c.c. 
chloroform or carbon tetrachloride, and 25 c.c. iodine solution run 
in from a pipette. In order to prevent loss of iodine by volat^isation 
it is advisable to moisten the stopper with potassium iodide solution. 
The solvent and the iodine solution must give a clear mixture, 
otherwise more solvent must be added. The mixture must exhibit 
a dark brown colour after twelve to eighteen hours in the case 
of drying oils, otherwise 25 c.c. more of the iodine solution must be 
added to maintain excess of iodine ; 15-20 c.c. of potassium iodide 
are added, the mixture is well shaken and diluted with 400 c.c. 
Svater. If a red preorpitkte of mercuric iodide appears, more 
potassium iodide must be added. Standard thiosulphate is run 
in until both water and solvent layers are only slightly coloured ; 
starch solution is added, and the titration finished in the usual 
manner. Immediately l^fore or after the titration with thio- 
sulphate, 25 c.c. of the original iodine mercuric chloride solution 
are treated in the same manner so as to form a blank experiment. 
The difference between the amounts of iodine found, calculated 
in terms of iodine to units per cent of the sample, will give the 
iodine value. When the titrated solution has stood for some time 
it becomes blue again, due to reversal of the reaction with the 
splitting-off of iodine, but this does not interfere with the accuracy 
of the titration. The values obtained by Htibl’s method are quite i 
concordant, provided an excess of iodine, not less than the amount 
actually absorbed, has been employed and the operations are per- 
formed under identical conditions. It is necessary that two atoms 
of iodine for one molecule of mercuric chloride be present. 

It must be pointed out that the position of the double bond in 
the unsaturated oil fat or acid influences the iodine absorption ; 
thus, oleic acid shows an iodine value 89 (pale. 90), whereas maleic 
l^ows an iodine val^ie nil (calc. 219), * If the double bond be 
tlistant fr9m«the carbo:i0yl group, as in oleic acid^ the iodine value 
is ndrmal, whereas if it be adjacent* to the^ carboxyl group the 
iodine value is lo^er than the calculated figure. 

Waller has proposed ft modification ofjcthe Hiibl soyition on the 
following lines : 25 grams iodiad in 2(W c.c. strong alcohol and 25 
grams mercuric chloride in tlfe same amotfnt of soijsrent are mixed 
wHh 25 grams cone* hydrocbloric acid (s.g. 1*19) jind made up to 600 
c.c, with alcohol. Rather less mercuric chloridS is used than in the 
oiiginal Htibl solution, and Wafer’s solutioil is, moreover, twic^ as 
cAicentrated as the, original Hfibl. Although the results obtained 
Jby the uhe of Waller’s'solution are in general agrbemeni with those 
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of Hiibl when oils and fats are tested, yet in the case of mineral 
oils, cholesterol, and naphthenic acids, the results are at variance 
with* those obtained by the previous method. The scheme of the 
Hubl reactioi^may be expressed as follows : 

HgCl2 + l2 = HgClI + I01 
HgCU + l2 = Hgl2-t-ICl. 

The reaction, which is incomplete and reversible, may be best 
expressed by the two equations given above. 

In the presence of water the following reactions may occur 
simultj^neously : 

^ IC1 + H20 = HC1 + HI0. 

5HI0-HI03-r2H2() + 4I. 

HIO 3 + 41 + 5HC1 = 5IC1 + SHgO. 

Of the reaction products HIO and HIO 3 will react in the 
presenc(^ of hydrochloric acid to give iodine. 

The addition of hydrochloric; acid in the Waller’s solution 
inhibits the first reaction and prevents hypoiodous acid being formed, 
which would oxidise the alcohol and so disturb the equilibrium. 
If absolute alcohol bo used the solution becomes more stable. 
Ingle considers that the formation of free hydrochloric acid in 
the reaction is due to the decomposition of the iodine chloride 
addition product, and the amount of free hydrochloric acid formed 
depends on the chemical structure of the unsaturated compounds. 

WIjs’ Modification of the Hubl Process. — Wijs’ iodine solution ® 
may be prepared in two ways : 

(a) 7*5 grs. iodine trichloride and 8-2 grs. of resublimed iodine 
are dissolved separately in recrystallised glacial acetic acid on the 
water bath, taking care that the solution does not take up moisture. 
The two solutions are then poured into a litre flask, which is then 
filled up to the mark with glacial acetic acid. A more convenient 
way is to dissolve a 10 gram tube of iodine trichloride in 300 c.c. 
glacial acetic acid and add a 2 J per cent solution of iodine in the 
same solvent until the iodine is slightly in excess. The mixture 
is then made up to one litre with freshly recrystallised glacial acetic 
acid. 

(b) Dissolve 13 gr^ iodine in a litre of good glacial acetic aeid, 
withdrawing 100 c.c. fol* later use, and pass dry chlorine into ^e 
iodine solution until the trown colour changes to ^lear oraflge 
tint. The iodine ^olhtionf Jield in reserve, is now added uEtil the 
colour of the solution becomes faintly brown. « The slight excess 
of iodine nre vents thejFprmation of iodine trichloride.. The solution 
is stabilisea by heating on*the water bath for about twenty minutes 
and kept in the dai« in a welhitoppered bottle. The solution 
maintains its strength for several months, if^pare materials Jiave 
been employed. •The glacial acetic *acid used must be freshl^H 
frozen out and should give no green tinge on heating with potassium 
bichromate and concentrated sulphuric acid, sjjowing freedom from 
formic acid. 
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The Wijs solution is allowed to react with a drying oil in the 
same manner as the Hubl, but for a much shorti^r time ; half an 
hour to six hours may be required according to the degree of ue- 
saturation of th§ glyceride. If acetic apid reacts with the oil, the 
Hiibl solution must lie used. , / * 

Detmls of the Method. — 0*15 gr. of a drying oil is* dissolved in 
10 c.c. of })urified chloroform or carbon tetrachloride and 25 c.c. 
of the Wijs solution added, taking care to moisten the stopper of 
the bottle containing tl»e mixture with ]X)tassium iodide solution, 
and allowed to stand for one hour. In the case of oils having a 
high iodine value, like linseed, it is advisable to allow the piixture 
to stand for 2-3 hours. The sto])per and neck oh the bottle are 
washed down with 15 c.c. of a 10 ])er cAUit potassium iodide solution 
and 100 c.c. of distilled w^ater added, and the excess of iodine titrated 
with the standard sodium thiosiiljihate solution. Tow^ards the end 
of th(i titration about 2 c.c. of the starch solution are added, and the 
contents of the bottle are shaken vigorously after each addition of 
the thiosulphate solution, until the contents of the l)ottlo are 
colourless. 

A blank test, using 10 c.c. of the oil solvent and 25 c.c. of the 
iodine solution, must be done with each set of (estimations. Th(‘ 
result is expressed as a ])er cent of iodine reacting with the oil. 

The Hanus solution'* contains iodine bromide instead of iodine 
chloride and is considered by American chemists to be superior to 
the Wijs solution, and its use is recommended in American standard 
specifications of linseed oil.^ 

The principle of the Wijs or Hanus method is simple : 


\ / 


ICl-tC = C 


\ / 

c-c 


/ \ 


/I l\ 


I Cl 


Sundberg and Lundborg ® state that the Hanus method gives 
results with fats which agree closely with those found by the Hubl 
method ; Wijs’ method gives higher results. In the case of linolic 
acid the Hiibl value lies liearer to the theoretical than does the 
Wijs value. Marshall " proposes carbon tetrachloride as solvent, 
and Aschmann prepares a solution of iodiq,e chloride with water, 
by passing chlorine into potassium iodide' solution until the iodine 
liberated is^is^issolveS, ond after filtering from potassium iodate 
the s(\lution is allowed to react with at chloroform solution of the 
oil or fat for twenty-four hours. The values lie between those 
obtained w4th the Wijs aini Hiibl solutions , 

Kelber ahS Rheiiiheimer® ^e^er Wijs’ method, because of the 
greater stability of the solution and the rapidity of the process. 
M^(^an and Thomas {i^'Ve investigated the bqjiavibur' of sterols 
j(cf. cholesterol) with Hiibl %,nd Wijs’ reagents t with sterols the 
'Hiibl solution gave values approximating tQ bhose required by tlje 
number of double Ijonds believed to exist in the sterol molecule. 
With the ‘Wiis reageiit Ahe results may ‘be twice ks high as those 
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obtained with the Hiibl solution, and vary greatly with the tem]Dera- 
ture, ti?ne of contact, and proportion of the reacting substances. 
'Jilie difference ia behaviour of the two reagents appears when they 
react with the sterols (not with r(*dueed sterols), with the resinic 
acttls, and posi\bly with the naphthenic acids, though in the latter 
caseo definite} substances of know^n constitution have not been 
investigated. The efft'ct apjX'ars to be due to the influence of the 
glacial ac^etic acid used in the solution as solvent for the iodine 
chloride, and affords evidence that a, considerable amount of sub- 
stitution takes place. The substitution effect is particularly 
noticcabki when a condensed ring-nucleus containing one double 
bond reacts witli Wijs’ solution : thus abietic acid, containing two 
double bonds, and dihydroabietic acid, containing one double bond, 
give identical valiums with AVijs’ solution, so that substitution must 
be much greater in the reduced derivativ(\ Anthracene reacts 
similarly with Hiibl and Wijs’ solutions, giving high iodine values 
in both (!as(^s, hut ])}i(‘nantl]i'(m(‘ and retene (isopropylinethyl 
phenanthrene) are hardly affected by Hiibl's solution, and absorb 
considerable amounts-of iodiiu' from Wij’s’ r^‘agent. 

Compounds of iodine with unsaturated coni}>ounds have been 
isoIat('d ; e.<]. trichlortriuKlosteai’ic acid, ('isHsnOJjCla (ni.p. 146° C.) 
obtained by the ardion of iodin(‘ monochlori(i(‘ on a linolenic acid 
and tribromoiriiodostearie acid, Cjj,H 3 ,) 02 T 3 Hi 3 (nr.p. 124-120® C.) (p. 
14). By shaking with linu^ water the ealeium salt (Cij,H3o02l3Bi’3)2Ca 
is obtained. F(U’ drying oils, th<‘ Wijs nrethod may be I'ecom- 
mended as most convenient, but in dravling wdth ring com|>ound8 
the Hiibl method is perhaps safer, owing to the tendency for sub- 
stitution to occur when Wijs’ solution is used. 

HI. Acid Value {./ 

The acid value may be ex])ressed as the number of milligrams of 
potash required to neutralise the free fatly acids in one gram of oil. 

It is also stated in the terms of jiereentagc' of frc(? oleic acid in the 
oil, this acid being selected as a tvpicaj fatty acid occurring in 
vegetable oils. 

To determine the acid value of an oil, 5 gi'ams are weighed and 
50 c.c. of alcohol or methylated spirit (previously neutralised^ ate 
added and the mixture gijnily boiled. Tlif? solution is cooled, 

1 c.c. phen^lphthaleiii added, and then titrated w ith -^[^10 or N/& 
alkali. The acidity ^lay be*«jxpressed in milligrams of potash |>er 
gram < »f oil, or in pm oentage of oleic acid : 

% •# - * 

a xN/ lO alka li x 2<i82 . • M.W. of aulu. 

Acidity-- of oi token ^a^-No. c»c. of standard alkali. 

• • ' 

At the end of UVe titration not less ^an 50 ^er cent of alcoSiol ^ 
ought to be present ii^the mixture. 

•The acid value is a variable, fleponding on the quality of the 
sample anc^on th« mode of*extraction pf the, off from the seed. 
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Rancidity will increase the acid value, and oxidation brings 
about the same result. A few acidity standards are taken from the 
Report of the Committee of Analysts on the standard methods tof 
analysis of seeds, nuts and kernels, fats and oils, and fatty residues 
(Ministry of Food, Oils and Fats Brapch) : / * 



Percentage of 


Oleic Add. 

Linseed oil . (^tflneil ] ! ! 

. . . 2 
. 2 

c, / Crude 

Soyaotl . .{-Edible . . . 

. 2-5 

. 015 

/Crude, Indian . 

. . . 2-5 , 

Cntton nil ' ■ 

cotton seed oil refined . 

(Fine edible 

. 03 

. 016 


IV. Saponification Value 

The saponification or Kottstorfer value represents the amount 
of potassium hy dioxide required to neutralise the free and combined 
acid constituents of a fat or oil, and is expressed in terms of 
parts of potassium hydroxide per 1000 parts of the fat or oil. 

Solutions required : (a) N/2 hydrochloric acid, accurately 
standardised. Sulphuric acid is not advisable, because potassium 
sulphate may be precipitated in the titration of an alcoholic solution 
and interferes with the end reaction ; (6) an alcoholic solution of 
potassium hydroxide, approximately N/2, prepared by dissolving 
18-20 grams of stick potassium hydroxide in not more than 10 c.c. 
of distilled water, and mixing up to 500 c.c. with 94-95 per cent 
(by volume) alcohol. The solution is allowed to stand for twenty- 
four hours, and the clear liquid siphoned off for use. The alcdhol 
must be free from mineral oil and of such a purity as to yield a 
colourless solution of alkali after twenty -four hours. If methylated! 
spirit be used, it should be purified by the method proposed by 
Waller.i2 

The Test, — About 2 grams of the clear oil are accurately 
weighed into a 200 c.c. fiask of resistance glass, 25 c.c. of neutral 
alcohol added, and 25 c.c. of the alcoholic potassium hydroxide 
solution, accurately measured, run in. A like quantity of the same 
solution is run into a similar flask, together with 26 o.c. of the 
neutral alcohol. Thb ^sks are conn^ct^ to reflux condensers or 
long^ir condensers and heated on a ]:v)ilingi water batlf for half an 
hour. The ffasl^. containing the oil should be*shaken with a rot|try 
movement from time tc^time during the wriod. The contents of 
the flasks then titrated Vjiile hot iwim the N/2 a^id, after the 
addition of 1 c.c. of a 1 per cent alcoholic solution of phenolphthalein. 
A|= grams of oil taken. B = c.c. of acid required ha the control 
experiment. C~cf.c. of atid required to neutralise the excess of 
alkali in the test. 

„ . '{B-C)x 5-2806x1000 

Saponincsttion value =* u — j — ^ 
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If the solution be dark it may be diluted with strong alcohol, 
and alkali blue used as an indicator. The saponification values 
oj a few principal drying oils are as follows : 

linseed oil, 192-5 ; China wood oil, 193; Perilla, 189-6 ; Soya 
oilf 193 ; Para^^ubber seed o^, 206 ; Poppy seed oil, 195. 

Hhe sapojiifi cation valut*, as determined by the above method, 
includes the alkali required for the neutralisation of any free aeid 
in the oil, and th(^ acidity must be subtracted from the saponification 
value to give the true saponification value. 

The acid value and saponification value may, if so desired, be 
determined upon the same weight of the Bam})ie in the following 
manner : ^ 

About 4 grams of the cleai- oil are acein-ately weiglu'd into the 
saponification flask and 25 c.c. of hot alcohol, containing 1 c.e. of 
yjhenolphthalein solution ami pri^viously netitralisi'd, are added. 
The free fatty acids are titrattnl from a huntte with the alcoholic 
alkali solution, as used for the saponification value, warming if 
necessary during the titration. The numbiT of c.c. required by the 
free fatty acids having bi^en noted, such' a ^jirther quantity as will# 
make a total of 50 c.e. is added and the process continued as 
describid above. 

A blank test is made with 50 c.c. of the ah'oholic alkali delivered 
from the identical burette, using similar quantities of all the reagents. 
The 9«act value of the alcoholic alkali having been determined with 
N/2 hydrochloric acid, the acid \aluc and saponification value may 
be respectively calculated. 

V. Unsaponipiable Matter 

Unsaponifiable matter in fats and oils includes all substances 
which are insoluble in wat-iu*, but soluble in the fat solvents specified 
below, after alkali saponification of the fats and oils. It is taken 
to include alcohols (other than glycerine) ; e.g. sitosterol (phytosterol) 
in the case of vegetable oils, and cholesterol in the case of animal 
oils and fats. (Certain fish oils contain unsaponifiable hydrocarbons 
(squaleiie, etc.). Some waxes yield insoluble alcohols on treatment 
with alkalies. The imsaponifiable matter generally remains dis- 
solved in the soap solution after saponification. The principle qf 
the method of (^stimati^m de|>ends on the solubility of the*un- 
saponifiatjle matter in ethcii^ or in peti’olc^ni:^ (‘ther, w^jereas th», 
soaps are |#actically insoluble, whether they are in smution yr in 
the dry state. It is l^>tter to^use ether than petr(;^eum ether, and 
to get lid of any soap, wliieh may have |)een taken upinto the 
ether by wat alcohols or%vdrocarbcgi%, by treatment with a little 
water and re-extraction ^ith ether. . 

The m^hod recommended by the Conniiittee of Analy^s 
(k)c. cit.) is as folloVs : Saponify 5 graiffs of tlfe oil with 50 c.c. 
of approximately nor^|ial alcoholic potassium hydroxide, boiling 
undbr a reflux condenser for sixty ihinutes with occasional shaking. 
Transfer th^ alcoholic solution to a se^ftrathig* funnel ; rinse the 
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flask successively with 50 c.c. of methylated ether, 50 c.c. of petroleum 
ether, and 50 c.c. of water. Transfer the rinsings to the separating 
funnel, shaking well after each addition. Allow- to separate amd 
withdraw the soap solution. Repi^at the extraction of ‘the soap 
solution twice, using ether and petroleum ether as/jefore, omitting 
the treatment with water. The combined ethereak extracts are 
washed by shaking with slightly alkaline water, allowing to settle, 
and running through a Alter into a tared flask. Wash the filter 
with petroleum ether, distil of! the solvent, dry at 100° C., and 
W’cigh the unsaponifiable matter. Any fatty acids present in the 
extracted matter are determined volumetiically as oleic ^cid and 
their amount deducted from the weight. 

The amount of unsaponifiable matter in natural oils and fats 
is very variable, buting^uine samples it is quite small ; e.gf. linseed 
oil, raw or refined, contains 1 per cent of unsaponifiable matter. 
Soya oil (crude or edible) contains also 1 per cent. 

Determination of Oil in Seeds, Nuts, and Kernels.— It may be 
advisable to indicate here a standard method for the estimation 
of a drying oil present- in oil seeds, nuts, and kernels. The method 
recommended is as follows : 

Extract a weighed quantity of the sample prepared for analysis 
with petroleum ether (volatile without residue at or below 60° C.) 
in a suitable apparatus for two hours. Remove the partially 
extracted material, dry, grind in a mortar (grinding may be 
facilitated by the addition of 1 gram of fine sand), and again 
extract until exhausted. If the sample cemtains a large percentage 
of oil, it is advisable to grind twice, extracting after each grinding. 
Evaporate off the solvent, dry at 100° C., and weigh. In the case 
of oils liable to rapid oxidation, like linseed, drying should be 
conducted in an inert atmosphere. The extracted oil must be free 
from solid matter and completely soluble in petroleum ether. © 

VI. Moisture 

The amount of moisture contained in an oil is variable, de{)ending 
on its age and })eriod oi tanking. A good linseed oil should not 
contain more than 0-25 i)er cent of moisture. The connection 
between moisture and mucilage content ^will be referred to later. 
The method recommended may be described as follows : 

' A U-tii^e, one limb of which is an ordinary narrow^-bore glass 
tube and the other a tube of 1 J jn. in ‘diameter, if charged in 
its wider limb arith soft blue Cape asbestos, which has been 
at 100° C. jrhe wide limb is nrovided wiljva rubber stepper through 
which pashes a narrow tube bent at right angles. The tube, without 
the stopper, is accurately welched, suspenJed by a^wire, and about 
2i>gram8 of the well-mix^ sample of oil or fat are dropped on 
to the asbestos, and the whole re-weighed. *'xhe stopper is then 
ipserted, and the tube which parses through i’.^he stoj^r is connoted 
with ,a Kipp apparatus supplying hydrogen, thoroughly dried b] 
passage through sfroog sulphuric acid! A y-tdbe, su^ih as is usee 
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in elementary analysis and provided with two glass taps, is filled 
with glass beads which are afterwards moistened with strong 
siilph^^ric acid. This tube is accurately weighed, after having been 
previously filled with dry Jiydrogen, and is then connected with 
tho, narrow lii^^ of the asl^stos-charged tube, the latter being 
suspvided ii4 a beaker containing water kept at a temperature 
about 10° C. above the melting point of the fat under examination. 
A slow current of hydrogen is now passed through the whole. When 
no trace of condensed moisture can be seen in the horizontal limbs 
of the oil tube and of the weighing tube, which is generally the case 
after one hour, the letter is weighed, then again attached, and a 
current of hydrpgen allowed to pass for another hour. Minute 
traces of volatile organic matters, as a rule, produce slight darkening 
of the sulphuric acid. The asbestos may be advantageously used 
in the form of a very porous felt paper, produced by pulping the 
asbestos and running the pulp into a centrifugal, which is lined 
with linen. 

As an alternative method capable of dealing with a niiml)er of 
samyjles in one op(^ration, stop])cred weighing bottles of about the* 
dimensions of the wider limb of the U-tube used in the standard 
method may be charged with asbestos, or alternatively vnth strips 
of jdeated blotting f)apcr or with paper pulp. These tubes are 
dried in a vacuum desiccator containing sulphuric acid and kept 
at a pressure of 2-5 mm. After weighing, about 2 grams of the 
fat or oil are placed in (\ach tub(\ which is again weighed. The 
tubes are warmed until the fat under examination is melted, and 
then replaced in the vacuum desiccator. The air is exhausted and 
the desiccator is ke[)t in an incubator at 20° C. for at least forty- 
eight hours . The w(u ght after that ti me remains practically constant . 

This standard method is applicable, in the opinion of the Analysts’ 
^Committee, to all fats and oils, whether readily oxidisable, like 
linseed oil, or containing high percentages of free fatty acid of low 
molecular weight, such as lauric. Tn the case of fats and oils 
which are free from uncombined fatty acid and not readily oxidisable, 
the ordinary methods of drying on sand in a water oven may often 
be used, provided the results ai-e in agreertient with those furnished 
by the standard method. In the WTiter’s opinion it is doubtful 
whether all the moisture^ is removed by the above method if the oil 
under examination contaiils iiiuch mucilage. 

vti; Oxifl^sED Fatty Acids 

Some di’jring oils on^ exposure to air lieeome viscojis,* owing to 
the formation of oxidisea glyceridei,"* and blowm oils Contain the 
same substances, whos® formation i^* accompanied by a reduction 
in the iodine Value of the original oil. Fahrion estimates tfee 
amount of oxidised acids in the following manner : 4-5 grams 
of the sample are 8a]:]i)nyied with alcoholic potash ; the alcohol is 
evaporated off, the soap is dissolved in hot wato, transferred t(? a 
sepaiating funnel,* and decomposed with* hydrocnlorio acid. After 
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cooling, the liquid is shaken with petroleum ethef (b.j). below 
80° C.) and allowed to stand until it has completely separated 
into two layers. The insoluble oxidised fatty acids 'will be^foupd 
to adhere to the sides of the funnel pr form a sediment in the 
petroleum ether layer. The aqueoup layer is dr^vni off and.cthe 
petroleum ether removed, if necessary, through a tflter, an^ the 
oxidised acids are washed with more pt^troleum ether to remove 
adhering fatty acids. If the amount of oxidised fatty acids be 
large, it is advisable to dissolve them in alkali, decuunpose the 
resulting soa]) with hydrochloric acid, and shake out again with 
petroleum etluir to remove any soluble fatty acid. The oxidised 
acids are then dissolved in warm alcohol or ether, the^ solution 
.evaporated in a tan'd dish, and thc‘ residue weighed, linseed oil 
blown for ten hours at 120° ('. will contain 7*1 ])er cent oxidised 
acids. Linseed oil blown with oxygen until its I.V.- r)8-8 contains 
42*82 per cent oxidised acids. 


, VIII. Refractive Indices of Oils and ^'AR^lSH Thinners 

4 

The ease with which the refractive index can be determined 
makes the refractometer of importance in the examination of 
vegetable oils and of varnish tliinners. Th(' r(‘fractive index does 
not give a perfectly reliable means of dek‘cting adulteration, but 
it serves to indicate gtmerally whethc'r a sample' is genuine or not. 
For the use of the refractometer in th(‘ analysis of oils and fats 
reference must be made to a paper ))y J. Goldsmith.^® The 
•optical principles underhing the refractometers now in use and their 
employment in chemical analysis have been given by Philip,^* and it 
is unnecessary to describe here their constructirm or manipulation.^^ 
The Abbe and Pulfrich forms are the most pojuilar, and for the deter- 
mination of disjx^rsion the Pulfrich instrument is the more suitable^ 

The application of the refractometer for controlling the identity 
or quality of oils is well known. It is of value in testing the contents 
of a large number of packages when it is iin possible to make a 
complete analysis of each sample. 

Weger has measure the refractive indices of a large number 
of treated linseed oils : 


Indian linseed oil at 25® C ' . 

♦Cold “ boi^cd^oil ” with 1 per cent at 25 ' 

^ ” 

M >) >» '> ft F »» 

The same*, heated one hou^at 150® C. . . . 

Cold “ boilad oil ” with 1 per ceiit Mn linolgiaw 25® C. 

The same heated two hpurs at 150® C. ... . 

Boiled Indian linseed oil, 0'5 cent PbO, n*2 per ct , 

, ♦ two hours at 2W° C.* . ^ 

Indian linseed oil, clarified ar280® C. . . . 

„ „ heated 40 hours at 180®- 190° C. 

► • „ „ „ 5 niin. at 360® C. ‘ . 

„ , „ bilQwn 20 jhours at 150° Q. 

“ 25 •„ 



1*4728 

1*4736 

1*4743 

1*4748 

1^760 

1*4766 

1*4733 

1*4740 

1*4759 

1*4739 

1*4789 

1«4842 

1*4854 

•1*4868 
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The small differences in the figures for boiled oil show that 
ref r act o metric determination is of no avail in differentiating 
bftwc^n various Samples, but when tlie oil has been thickened the 
refractive inde^ rises. « 

Morrell dejgu’mincd the ncfractive radius of polymerised linseed 
and fchina weod oils : 


Linseed oil, thickened at 2(>0"-28()” C. in COj (s.g. n,. 19° C. . 1*4915 

Acetone soluble porlion (s.g. 0*9r>27) n„ 19° C 1*4894 

Acetone insoluble portion (s.g. 0*97()2) m„ 19° C 1 *4964 

Tung oil (s.g. 0'940r)) n„ 14° C 1-5172 

Tltickcncd tung oil (s.g. ()-959) 15° C 1-5134 


Schapringer ^ also not(‘d tlu* remarkable fact that when China 
wood oil is h(‘ated the refraetivt' ind(‘X falls with the iodine value 
although its speeifie gravity itu-reases ; that this is not due to 
oxidation is shoun liy tlu* fall in the refractive index when the 
heating is ])erformed in an atmosphere of nitrogen (ef. Wolff). 

The following table shows the effeid. on boiled oil of storage 
for eightt^en months, tinder different ewnditions. The figures in^ 
brackets under the refractive indices are Ox\'gen Absorption ” 
determined by weighing iilnis. 



In OarkiR'S'', 
OjM-n. 

In Darknchs; 
Air-tiulit 

In Liiflit: 
OjH'U. 

In Light: 
Air-tiglit, 

Cold boiled oil wilh 3 per 
cent LbMii rosmalo 

Oil heated with 3 })ei- cent 
PbMn reaiiiate 

1-4877 

(10-9) 

1-4881 

1-4807 

(17-2) 

1-4812 

1 -4873 
(13-4) 
1-4893 
(11-8) 




• China wood oil has a high ri'fractive index, and adulteration 
with othcT' oils can be detected by the lowering of the value of 
the refractive index. Th(i difft*renee between the figures for tung 
oil and Soya oil at 40'’ C. being 0*0402, the addition of 10 per cent 
or even 5 per cent Soya oil could be detected. The Refractometry 
Committee of the Society of (Iiemicaf Industry recommended 
readings to be taken at 20*^ C. for oils. The mean temperature 
correction per degree v‘enj;igrade is 0-00036.^®'' Instead of measuring 
the refractive indices of oil i| is sometimes preferable to determine 
the refractive indices of the corresponding ilcias. *• 

Refractive indicea df thef jnixed fatty acids of linseed oi^ and 
China wood oil at 20^ C. : * 


idS per cent lina^^d qjl fatty 

S\) 

80 
60 


• 

1-4899 

1-4707 

1-4776 

1-4824 

1-4895 


•In the examination bf varnisfe thinners the refractometer •is 
of nge in analys^ig a lar^ numbeu' of» binary* solvent mixtures. 
The percenfkgp of white spirit pi^sent* in admixture of turpentine 
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and white spirit can be determined with fair accuracy from the 
value of the refractive index, for the relationship is expressed by 
a linear graph. Similarly a mixture of benzol *and petrol^ or •a 
mixture of benzol and turpentine can estimated from the value 
of the refractive index of the special it'iixture. It /nust be pointed 
out that the presence of benzol in a mixture of whKe spiri#and 
turpentine would invalidate the method, as it only holds for binary 
, mixtures. 

Optical Dispersion . — Little attention has been paid to dispersion 
measurements. J<Yycr and Weston have measured the dispersion 
of a number of oils and have found that for lung and coconut oils 
the dispersions are unusually high and low rerpectively. The 
difference between the refractive indices of any two rays of the 
spectrum of a refractive medium is termed the dispersion' of that 
medium. The dispersive power (oj) of a substance is expressed by 
the ratio of the coefficient of disjxTsioii to the index of refraction of 
the mean ray, l(‘ss unity. If n , , n^„ and w, represent the refractive 
in/iices of a substance for the (', I), and F lines of the spectrum, 
•then the dispersion of the substance is n, - n, for the F and C lines, 

and its dispersive power (<'^) • 

The dispersive power of tung oil is 0*371, linseed oil 0*0218, 
menhaden 0*0207, and coconut 0*0167. The values are of much less 
analytical importance than the refractive indices. The drying and 
semi-drying oils are broadly differentiated from the non-drying 
oils and fats, but the separation is not very marked. Oxidation 
of an oil increases the dispersion, while heating (polymerisation) 
produces a marked decrease, and this may afford a means of dis- 
tinguishing oxidised from polymerised oils.* With varnish solvents 
aromatic hydrocarbons (benzol, toluol, xylol) have dispersive power 
from 0*033-0*031, whilst petroleum, naphtha, and turjx;ntine have* 
the values from 0*0208 to 0*0209. 

Holley 22 uses a method which does not depend on numerical 
measurements, but on the inversion of spectrum colours shown 
by tung oil when exan^ined in the Pulfrich refractometer. An 
addition of not leas than 15 2 )cr cent of jmre linseed oil to tung 
oil under examination should restore the normal position of the 
dblonred bands. If less than 15 per (;e»t is required the oil is 
considered Jo be ad? Iterated, while .Tjery pure oils have required 
fin additidlrtf as much* as 22 per cent. In general, tlje refractive 
indei increases uniformly with decrdlsing w?ve length, jexcept in 
the neighJjourhdbd of an absorption band. The absorption band 
may lie in ^lie ultra-violdl region^ as in thetoase of carboai disulphide, 
which has a strong dispersion? The (fispersive power is connected 
with the molecular stnjcture*; e.g. benzol *has a highei dispersive 
pcfwer than tetrahvdrobeniol and also than he^^lene ; naphthalene 
than benzol ; and quinoline than naphthalene. For mixtures of 
fa^ty oils and fatty acids the refractive indA: will give more rs|)id 

. Elaidins” gi^%•much IBwer disperaioife than the, oils from which they 
ar^ produced. 



DRYING OIL AND OIL-VARNISH ANALYSIS 327 


results, but the measurement of the dispersion will serve to cor- 
roborate the opinion already formed on the nature of the oils or 
a«ids%under examination. 

Hexabr^mide Test for Linseed Oil and other Oils. 

Hexabromide Number 

The unsaturated oils or acids, when treated under proper con- 
ditions with bromine, absorb two atoms of the halogen at each 
unsaturated linkage. The solubility in ether of the bromo-deriva- 
tives decreases with increased bromine content, so that the octo- 
and hexabromi^es arc only very sparingly soluble, whereas the 
tetra- and di-bromo bodies are soluble. The fatty acids are generally 
used, because the; glyceryl esters give non-concordant results. 
Many investigators have examined the condition under which 
bromine is absorbed by unsaturated oils and acids Hehner and 
Mitchell have investigated the combination with glycerides. 
Eibner and Muggenthaler have investigated the compounds 
formed with fatty acids. The details "Of gibner’s method are*a% 
follows: 2 grams of mixed fatty acids prepared from the oil 
under examination are dissolved in sufficient dry ether to give a 
10 per cent solution and cooled to - 10'’ (X 0-5 c.c. bromine is 
delivered very slowly (twenty minutes) from a fine-drawn pipette 
into the cthei'eal solution. The remainder of the bromine (0-5 c.c.) 
is added slowly, so that th(‘ total time of bromination is lialf an hour. 
The temperature must tioi rise above - 5® C. during the bromination. 
The flask containing the mixture is allowed to stand for two hours 
at -10® The ethereal solution is carefully decanted on to a 
weighed filter paper and carefully washed with five lots, each of 
5 C.C., of cooled ether. Aft<^r complete draining the precipitate is 
di*ied for two hours at 80®-85® G and cooled in a desiccator. The 
melting point of the hexabromide obtained in this jnanner from 
linseed oil acids is 177® C. and not 182® C., which may result when 
the precipitate has been dried at a higher temperature. The oeto- 
bromides are also insoluble in ether, but are s[)aringly soluble in 
benzol, in which the hexabroniides are* very soluble. The octo- 
bromides do not melt below 20(b (1. It is generally advisable to 
determine the percentage of bromine in the insoluble precipitate^o 
decide on the presence of •the ociobromide. • 

Bailey and Baldsiefen ** state that have ^gtimined tl^ 
published^ethods foi' the*Jiexabromide value of linseed qjl and 
found that tiie resitlls obtained are not concordant. They recom- 
mend the Jpllowing method : 

(a) Preparation of ^F&Uy Ar.ijth , — ^Weigh approximately 50 
grams of oil into a I- litre round4>ottom ^ask and add 40 c.c. 
of caustic so3a solution (s.g. 1*4) and 40 c.c. of alcohol. Plac^the 
mixture on a steafh bath and heat for^bout Ifalf an hour, passmg;^ 
a stream of carbon dioxide through the apparatus all the while. 
iRid one litre of hot distilled water and bod the soap solutfon, 
either ov^ a frde flame of on a steam 1)atlv, tb remove the alcohol. 
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After removing the alcohol solution is cooled somewhat and 
then acidified with dilute hydrochloric acid (1 : 1). Warm the 
mixture until the fatty acids form a clear layer, continuing tor pa»s 
carbon dioxide through the system. Tlip fatty acid^ are separated 
in a separating funnel from the aqueous,layer and wa^ed thoroug^fly 
with hot distilled water until the washings are neutral to mwhyl 
orange. The warm fatty acids are freed from water by centrifuging 
and kept in a well -stoppered bottle. 

(6) Preparation of the Hexabromidcs . — Weigh accurately 1 gram 
of fattv acids into a weighed centrifuge tube (1 in. diameter 
and 5 in. long). Dissolve the fatty acids in 25 c.c. of specially 
prepared ether. The ether is washed with 10 per cent of its volume 
of ice-cold distilled water. After separating the water and repeating 
the washing three times, the washed ether is dried over fused 
calcium chloride and the drying completed by m.eaiis of sodium. 
After distillation tin? ether is treate'd with an excess of finely powdered 
hexabromidc of the fatty acids of linseed oil previously prepared. 
Decant the ether stilution, kept at least for three hours at zero, into 
dry bottle. „ 

To the fatty acids dissolved in ether a bromine solution (5 c.c. 
bromine and 25 c.c;. glacial awtic acid made up just before use) is 
added very slowly until a dee]> red colour is produced. The tute 
is then allowed to stand in an ice-ehest over night (about fourteen 
hours). The solution is separated from the precipitate by centri- 
fuging and the jnc'cipitate rcqx^atedly v^ashed with the specially 
prepared ether and the* last traces of the ether removed in a vacuum. 
The precipitate is then weighed. 

In the Steele and Washburn method the fatty acids are 
dissolved in 10 c.c. of dry chloroform containing 3 ]x;r c(‘nt by 
volume of absolute alcohol. 'The solution is cooled to -5^(^, and 
a bromine solution (bromine 1 volume, chloroform 2 volumes) is * 
added slowly from a burette until an excess is present. The excess 
of bromine is removed by the addition of a few drops of amylene. 
The chloroform is removed at 5()°-60'^ C. under reduced pressure. 
After removal of the chloroform the precipitate is washed with 
ether prepared according tb the previous method. After four ether 
washings the precipitate in the tube is freed from ether by heatiitg 
in^ bath at 60°-70° C. for fifteen minutes iij a vacuum. The total 
weight of the precipitate x 100, divided^ by the weight of the fatty 
a^Sds taken 4 .|^ves the Jiexabromide percentage. 

It t's considered that 8teele and ^Jiashbfir^’s method has not 
been displaced by*. Bailey’s modification, although the latfo points 
out that if*et|^er be useden t^e brominati(j^ it is not necessary to 
prepare a a'pecial chloroform #t(11ution' and the slight excess of . 
bromine does not affect the final result, so tkat the use of amylene 
is uumecessary. It is essenjjial that an ether satujfatea with linseed 
,oil hexabromides be employed, as they have a slight solubility 
in ether, which is appreciable eveij^at 0® C. „ t ^ 

Sjibner^® considers tha^ Bailey’s method gives lower values, 
than the methods of I^ibner acid Steele, and he states that fish Vjils 
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can b(^ detected by the benzol kist or by separation of the ehipano- 
donic acid as lithium salt. Tschudy points out that the experi- 
Hfieniial error oS Bailey’s method may produce results differing 
by db 6 fjer ce^j^t from the a^^tual amount of linseed oil in the mixture, 
btit generally i^r mixtures of linseed and soya bean oil the modified 
heAbromid« method gives more nearly accurate results than those 
obtained by the iodine number determination. 

The following table shows tlie perwmtages of insoluble bromides 
obtained from drying oils or their acids : 



Frem (Tlyrerides. 

From tbc Acids. 

Perilla ml . 

. 53 per eent 

64*0 per cent. (Libiior). 

Linseed oil, I.V". 181 . 

. 23*1-23*5 ♦ ' 

„ „ l.V. 204 . 

„ ., f.V. 190-4 

. 49-3 

. 37*72 

- 42*0-50 0 (Steolo and bailey) 

„ „ l.V. 180 . 

. 35*2 


Tung oil ... 

0 

0 

Monhat len oil 

. 61-8 

5i-.5 ((Jemmoll). 

Cod liver oil 

. 42-9 

35 ((lommell)."*^'^ 

Soya bean oil 

. 3*73 

4- 2-6*5 (Stoole and Tlaile,'^) 


* Wiiltcr and Warburton (in p. ffo- (' , doroinposort at 155'^ C.). 


Dibromostearin . 

PcrccutaRc of llroinine. 

. 35-19 

Tetrah romostea rin 

. " . 53*23 

Hcxabron\osteurin 

. 62*28 

Octobromostearin 

. 68*92 


The propc'rties of the bromine addition products of unsaturated 
fatty acids are : — 

Oleic acid ( Dibroino), 36 jier cent bromine. 

Linolic acid (Tetrabromo), m.p. 113' - 1 14° C., 53 ’3 per cent bromine -sparingly 
soluble in pi'troleum ether. 

Linolenic (Hoxabromo), m.]). 180'^'-181°C.,C3'32 per cent bromine — very slightly 
soluble in alcohol, cold ether, glacial acetic acid, and in cold CCh, soluble 
in hot CCI4, almost insoluble in petroleum ether. 

Clupanodonic, C22K340., (Decabromo), blackens at 200"^ C. and decornposea 
above that temperature, 69*87 — very slightly soluble in most organic solv- 
ents; c.g. alcohol, other, CCI4, glacial aceti!! acid, petrol, and CCli. 

Arochidonic acid CiaHajCO.OH (0<*tol)romo), blackens at 220° G. and 
decomposes above that temperature. Insoluble in all organic solvents,^ 


X. ComAkison of i’he Drying Time of an Oil againsb’ a 
* Standard Linseed Oil 

Two m^hods may l>^employe<i,4ifR' first de|>euumg-uii une gaui 
in weight on oxidatioi^ in the presoiice of driers, and the second 
on the tinfe of drying and the condition of the surface of a filixk of 
the oil which has &ben treated with driirs. Tlfe second method is^ 
preferable, as it is iir^ctly practical. In reference to the first 
method, Livache determined the gain in wemht when 1 grSm 
precipitate^ leadts treatedVith 0*5 gmms erf tf drying oil. 
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Oil. 

Ouln In Weight tier rent in 

One Day. 

Three; Di^s. 

• 

Ihiys. 

/ 

Bombay linseed 

218 

€' 

8*11 

/ 

9-6? 


M() 

4-81 

5-14 

Plate 

116 

4-64 

.5-14 


The Conmiittee E on Preservative Coatings (UKIO) U.8.A.^^ con- 
cluded that the results obtained by using litharge as a dri(;r in place 
of lead were not generally satisfat*tor 3 ^ Liverseege and Elsdon^'" 
modified the method examined by the above-mentioned committee 
and obtained more satisfactory res\ilts. Ten grams litharge 
(40 sieve) were spread in a thin layer on a flat dish and ke]>t 
at 20° C. over night. 0-7-0-9 gram of drying oil were added, 
followed by 5 e.c. metlwlated ether, so as to give complete mixing 
with the litharge, and the gain in weight on oxidation was determined 
after tw'o days’ exposure. Genuine raw linseed oil ceases to gain 
weight after two days, and the gain in weight is 15-18 per cent. 
Genuine boiled linseed oil ceases to gain weight after one day, and 
the total gain in weight is 12-14 per cent. Whilst drying oils do 
not gain weight aft(‘r two days, non-drving oils may continue to 
gain weight for weeks. When oils of a particular class are compared, 
the gain in weight varies with the iodine value and there is evidence 
of some relationship Ix^tween the figures in oils of different classes. 


Oil. 

Oaln in Wciglit jmr ee‘nt In 

One Day, 

Two Day.s, 

'Pfirec Days. 

Lini^eed 

Boiled linseed . < 

Soya .... 
Cotton seed 

Whale 

Rosin 

14-1 

17'4 

13-6' 

8-4-8-9 

6-6 

§•4 

9-9 and 19- 

• 

16'9 

4 in 13 days 


The second tj^e of method is to prepare a drying oil 5ontaini|ig 
known antoupts of lead^ind manganese (jf^ers. A sini^ar linseed 
drying oil ii^ prepared and the*drying times of the two films on glass 
or wood are compai^d. In a recent War Office specificfation 
(C^.D./404, 1920) for raw linseed oil nine volumes* of the oil are 
^.^mixed with one volume or^a 25 per cent solutfon of precipitated 
manganese resinate in turpentine (C.W.Ii./408), and the mixture 
is exposed in the fqrm of a thin nlm onjglass, in a vertical positfcn 
at a temperature, of* 15 -5° The film^must dry* in a pannei^not 
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inferior t6 that of a film of the approved tender sample, when 
tested at the same time and under identical conditions. Attention 
«iusi be paid k) the quality and appearance of the film, l)ecause 
some cfrying^oils — c.g. peijilla — give j^eculiar surfaces with irregular 
tA^u'kings. » 

^ XI. Mucilage 

Mention has been made in a previous chapter of the mucilage 
content of di'ying oils. The amount present in a sample of oil 
may be determined in the following manner : 15 c.c. of the oil 
arc placed in a test tube (Jj in. x 6 in.) and heated over an open 
flame to 300° G, the temperature being determined by a thermo- 
meter KUS])OTKled in the oil. The rise in temperature should not 
exceed 50 dt^grees per minute. A linseed oil containing mucilage 
‘‘ breaks ” at 200° (1 and flakes of the mucilage appi^ar. The oil 
is then cooled down to the ordinaiy ti^mperature and at once 
centrifuged in a graduated tube. A good linseed oil shows 2-3 
per (;ent mucilage by volume. If the oil be allowed to stand over 
night after breaking,. “ the foots” are too finely divided tc> 
removed by centrifuging. The American Society for Testing 
Materials state; the breaking tests for linseed oil, but make no 
recommendation as to their estimation.^ The writer has found the 
above method convenient and satisfactory. 


XII. Colour 


The colour of linsecul oil can be standardised by a Lovibond’s 
tintometer. 


XIII. Vis(;osiTY 


The viscosity of a drying oil may be determined by any of the 
I methods descaibed under the Viscosity of V'arnishes. 

IlnsetMl Oil. Tunc Oil. Olive Oil. *Water. 

212 secs. (Hodwood). 858-1432 secs. 312 secs. 25-4 secs. (Redwood) 

at 70° F. 

• 

Separation of Saturated Componen^^ of Drying Oils from Un- 
saturated Components. — ^The lead salts of saturated fatty acids are 
insoluble in ether, whilst those of the unsaturated acids are soluble. 
The examination of a«djying oil for its content of saturatejl fats, 
stearin, palmatin, etc., is c^peribed by L('wk 4 )witseh.^ 

The quantitative separation of the l^d salts o^^e satura^d 
acids from those Igss saturated by means of ether was examined 
Varrentrap (1840) and Renaud.®^ If the* fats contain the 
glyceride %f linolenic apciid it is stated that it is imposcible to obtain 
the saturated fatty acids in*an approximately pure state by fractional 
precipitation^f the leM salts in thrOe solvents— alcohol, chloroform, 
and ether — althoa,gh the method worki^ell in mixtures of satui%ted 
and less unsaturated acids. ^ ^ 

• The separation ^f ‘the unsaliurated acids by means of tfieir 
oxidation products produced by potassiupjt permanganate, viz. 
hySroxysteyic acids, has been invdfetigated by Hazura, and the 
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details are given in Lt^wkowitsch’s Oils, Fats, and Waxek, 5th cd., 
vol. i. 574. A. Griiii ^ points out that linolic acid niay give four 
tetrahydroxy stearic acids CigHggOe, and linolenic aRiid may fumislf 
32 hexahydroxystearie. acids CigHgeOg. , ^ * 

Linseed Oil Substitutes. — When the .price of liiLs^od oil is hijifi, 
adulterants appear. If the sample under examinatkai hasran 
abnormal drying time, s])ceific gravity, iodine value, and saponitica- 
tion value, adulterants may be suspecte<l. The ])o.ssible impuriti(‘s 
are rosin oU, mineral oils ; e.g. benzine, kerosene, or lubricating oil, 
fish oils, soya bean oil, corn oil, and hemp or rape oils. C>hina 
wood oil is inilikel)', because of its high cost. The cheapest and 
commonest adulU'rants are the mineral oils, whicl^ are lighter in 
weight than linseed oil and reduce its specific gravity as well as 
saponification value. Rosin oil is freqiuuitly added to compensate 
for this reduction. Fish oils are often used for general outside 
work, specially on the sea coast, and foi‘ application to hot surfaces, 
as in the preparation of smoke-stack paints. It is advantageous 
to use a mixture of menhaden oil with linseed up to a proportion 
ac ifigh as 75 per cent ofithe'mixfAire. The oils hav(' a disagreeable 
smell and cause darkening of linseed oil. The presence of fish oils 
can be detected by the ether-insoluble-bromidc' test. 

The most objectionable linseed oil substitutes are those consisting 
of solutions of rosin and hydrocarbon oils, with which are mixed tar- 
oil and rosin. Such vehicles possess little permanence. The rosin 
would be indicated by the high acid value of the oil and the 
liebermann-Storch reaction. Rosin oil is commonly em})l(^yed as 
a substituk', but it remains sticky and dries very slowly, and, if 
used as a paint, it will damage any subso(pient coat, ('orn oil is 
sometimes used as a substitute in (Canada, but as it is a semi-drying 
oil its use to any considerable extent will d(day the hardening of 
the film. Soya oil is regarded as a partial substitute for linseed oil, 
and its presence in linseed oil will reduce both the iodine value and 
the drying time. Other substitutes may bt^ obtained by dissolving 
metallic resinates in tar oil and petroleum. In the examination of 
tlie ignited residue for metals — e.g. lead and manganese — or of the 
aqueous solution after sapoififieation, treatment with dilute nitric acid 
and extraction of organic material with ether are followed by the 
usual methods. Hemp and rape oil are rarely used as adulterants, 
owing’ to their higher cost. There is /it* present no. oil on the 
m<*.rket at a^toasonabfe |«rice which can entireh' replace linseed oil 
with ccmplete satisfaction to the user,* For*gqneral purposes the 
addition of any oft the above, with the exception of tung oil, wiil 
diminish th6 v/ilue of linseed oy. Raw soy^ ,oil as a subiititute for 
linseed oil is ^preferably first blowif, then^ivem a heat treatment to 
thicken it, and a drier df manganese, lead, artd cobalt, linyleates in 
the f)roportions of 0 03 percent, 0-2 per cent, £|;id 0-01 per cent 
C^spectively is addea. Suen an oil is considere J by some to be a 
fair substitute for linseed oil. Lqmbang oi^ a^imixed with linsee^ 
oil lias not proved, ^satisf^tory, althovgh it is probably more 
durable on exposure t'han linseed oil alone. 
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The Adulterants of China Wood Oil. — Owing to the increasing 
denuind for tnng oil the detection of adulterants is of importance, 
iThc^commonest arc soya, p(a*illa, and lumbang {Aleurites moluccana) 
oils. The detection of tlje adulterants is based on (1) differences in 
(^ieal dispe^ifion ; (2) poly|uerisation or gelation tests. 

^^efenmrf^e iias alreafly btien made to the importance of the 
refractive index of (?hina wood oil. Ware has shown that tung 
oil \sill give a dispersion of 209 units in his special apparatus, whilst 
soya bean oil shows only 129 units. ^ 

The dete(^tion of tung oil in A^arnish mixings depends on the 
same two factors, i.e. the high refractive index of the oil [1*5179 
(20'’ C*) ; linst^ed oil 1*4885 (15'' C.)J or its corresponding acid, and 
the ('asy gelation of the oil or acid. The polymerisation test has 
been studied by (hirdiuT, who has put forv\aTd a test devised by 
Browne. 

Broumes Test for PuriUj of (Idna Wood Oil , — The test tubes 
containing tht* oil should be 16x15 mm. with a mark near the 
bottom to indicate 5 e.c., and (closed by a cork so perforated that • 
a glass rod 8 nnn. in diameter (;an bio^e freely. Fill a co^i)^r 
beaker (laught 12 cm. ; internal dianicter 6 cm.) with cotton seed 
oil to a height of 7*5 cm. Place a thermometer so as to be 1*5 cm. 
from the bottom of the bath. Use a niti'ogen -filled tluTmometcr 
with an engraved stem ; total length 4-4^ in., graduated from 
210'’-810"’ in two intervals, the length between 210° and 310° C. 
being not less than 2| in. If ])refeTTed, use an emergent-stem 
thermometer 30 (an. long with graduations from 100°-400° C., 
making corrections for the emergent stem acu'.ording to the method 
outlined in the stem correction sheet, N. 44, U.8. Bureau of Standards. 
When th(‘ temperature of the liath is 293° C. (560° F.) and very 
slightly rising at this point, place the tube, containing 5 c.e. of the 
oil to be testcxl, so that the bottom is level A\'ith the lowest part 
of the bulb of thermometer. Not(^ the time, remove the source of 
heat for about forty-five seconds, and then reapply. Before two 
minutes hav(^ ela])sed the t(‘mp(wature of the bath will have fallen 
to 282° C. (540° k\), at wliich point it should be kept as steady As 
possible. When the tung oil has beeli in the bath almost nine 
minutes, raise the glass rod at intervals of half a minute, and when 
the rod is firmly set note the time. A sample of good tung, oil 
should gelatinise in twolfe minutes. As the setting or gtdatioh takes 
place within a few seconds of fluidity, g. gbod encfj^fjpterminatipn 
is afforddli. Remove the ispecimen at once, heat the bat^i again 
^0 293° 0., and rej^eat the experiment with another portion of the 
samph'. JN^o stirrer is^iised in the bath. ^ A screen aroimd the bath 
enables fne temperat Ae •to bcMij^dre easily reaehcck. When the 
cotton seed oil has boronie heavy and viscid it should be removed, 
otherwist^ th^ heating may be irregula^®^ . 

Jameson hSf shown that the tiure required to polymerise tu^ 
oil by heat^increasej%wijh the fatty acid content, and in the Brown^ 
fest the presence of I *9-4*5 per^nt free acid^ extends the tinih by 
1 - 2*6 minutes. • If the oil be mixed Wh*dfy slaked lime it will, 
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if genuine, polymerise within twelve minutes when heated to 
282° C. It is possible to detect the presence of 5-10 per cent of 
adulterating oil by means of the gelation test. The additiqp of 
perilla oil alone would raise the iodine v^alue, whereas soyi! would 
depress it, but both would reduce the^j*efractive in^fx and retwd 
the gelation of the oil. The addition of liimbang oil vHH like/ise 
retard the solidification of the oil on heating and reduce the refractive 
index. The writer attaches more practical value to the heat test 
than to the determination of the refractive index. 

Oil- Varnish Analysis 

The characteristics of a good varnish have been dealt with in 
a previous section. The status of varnish analysis is not good, 
and in the opinion of Pearce it is doubtful whether it gives any 
idea of the comparative practical values of any two samples of 
varnishes, because it is so difficult to identify the com}>onent resins 
and the state of the oil present in the mixing. The determinations 
which are usually made coinprise thinners. resins, oil, and driers. 
For controlling the products in the factory the tests include specific 
gravity, vdscosity, flash point, colour coiiiparison, drying tests on 
'glass or on a prepared wooden panel, and the examination of the 
hardness of the film and of its rubbing properties, as well as the 
action of hot and cold water. It is evident that the above tests 
give inadequate information as to the durability of the coating, 
which can only be determined satisfactorily after six or nine months’ 
exposure. An attempt has been made to connect the elasticity, 
ash-content and the water absorptive powder with the durability 
(see p. 284) It has been suggested that the behaviour of the film 
towards 20 volumes hydrogen peroxide is a valuable guide to the. 
resistance of the film to oxidation. The dey^endence of the 
properties of a varnish film upon the coniposition of the varnish, 
as indicated by the analytical results, is by no means certain, owing 
to the difficulty in estimating the projwrtions of resin to thick oil 
4nd the w'ant of connection Ix^tween the properties of the separated 
resins and the physical anid chemical constants of the sweated 
gums. The separation and estimation of the thinners is com- 
paratively simple and fairly accurate.®** The changes which occur 
in the ageing process modify the properfies of the component 
r^ins and oik. Pearfte ^hc. cit.) has ‘Examined the methods put 
forward by Bmighton, Darner, I'witchclJ, and* Scott, and^finds that 
of the ffist named^to be the best. * * * ^ 

The greet difficulty im varnish analysis is the separajjon of the 
resin acid^ from the oil and the f(^»tificati.on^(5 them when separated. 
The esterification whioh is in^Ived in the^methods put forward 
by the investigators, whose names have been n)entidned* above, is 
abased on the fact tjfht in tfll presence of an estMfying agent fatty 
^ids and ethyl alcohol react to form esters, w^iiile rosin acids either 
do fipt or do so very ipcompleteiyT In the Twitchell method dfy 
hydrochloric acid .gaS i% palsed into a solution of* the mixed resin 
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and oil acids in absolute alcohol. The details of Wolff’s method 
of esterification are as follows : Between 2 and 5 gi'ams of 
yie rpiixed resi^ and fatty acids obtained after saponification of 
the v&Tnish freed from thinners, are dissolved in 10-20 c.c. absolute 

S ’ yl or ethyl alcohol and esterified by boiling for two minutes 
r a reffux condense?; with 6-10 c.c. of a solution of one part of 
uric acid in four parts of ethyl or methyl alcohol. The 
esterified mixture is treated with five to ten times its volume of 
a 7-10 per cent solution of common salt, in which any oxy-abietic 
acid is insolubl(‘, and the fatty acid esters and free resin acids are 
extracted with ether or a mixture of ether and petroleum ether. 
The salt solution is drawn off and re-extracted once or twice with 
fresh solvent. The extracts are then washed with salt solution 
until the washings have a neutral reaction. After the addition of 
alcohol, the ethereal solution is titrated with N/2 alcoholic potash, 
and in the case of mixtures of rosins and oils the percentage of 
rosin acids is calculat(‘d on the assumption that they have an acid 
value ol IfiO. The })ercentage thus found is reduced by 1 -5 to allow 
for the fatty acids which escape esterifk'ation. ^ ^ 

After neutralisation of the rosin acids 1-2 c.c. excess of alcoholic 
yiotash may be added, the ethereal solution washed several times 
with water, the mixed w^ashings and soap solution evaporated to a 
small bulk, acidified, and after addition- of an equal bulk of salt 
solution, extracted with ether. The ethereal solution is dried over 
anhydrous sodium sulphate and ether evaporated. Ihe residm? is 
dissolved in 10 c.c. absolute alcohol, re-esterified, and extracted in 
the mjinner already described. The rosin acids thus obtained are free 
from fatty acids which have esca]x^d esterification in the first treat- 
ment. The amount of rosin present in the mixture is obtained by 
multiplying the jx'vccntage of rosin acids by 1 -07 ixu’ cent, to allow 
<5 for 7 per cent of unsaponifiable matter in the rosin. When this 
method is used for the analysis of varnishes which contain resins 
.yielding material insoluble in petroleum ether, the insoluble matter 
must b(^ separated. If appreciable amounts of resins (other than 
rovsin) remain dissolved in th(‘ petroleum ether, the volumetric methdti 
cannot be used, since the viscous resins have different neutralisation 
values. 

Pearce’s modification of Boughton’s method is as follows : 
JVom 4-6 grams of v^raish nre weighed into 125-ac. Erlenmeyer 
flask, 25 c.c. of water addbd, and the nyxAire boiLgi^over a v|ry 
small flaihe until only a fc’^ c.c. of water remain. Aife the j^emoval 
qf. the volatile thiirhers 25 8.c. each of 0*5 N. alcoholic potash and 
benzene ^re added and the mixture reguxed for one* hour. The 
solution IS evaporated*!!) about lOnfb. and transferr^di to a 500-c.c. 
separating funnel, wa^lung the flas^ with alcohol, water, and ether. 
The use •of i8e-cold ether and ice-cold water is recommended ^and 
very small quaniJRies of alcohol are a#ded wlfbn required to bre^ 
up the emulsion. Water and ether, 100 c.c. of each, are adde?(, 
rfhd the mi^ure well sfiaben. Ao shaking is repeated three tftaes, 
Th« etherjayer is washed Veil with wg.ftr a5>d Heparated, A weigifed 
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Erlenmeyer flask, labelled ‘‘ Gums,” is used tpO receive* the ether 
layer from the separating funnel. The flask containing the first 
part of resins (Ci) separated from the other constituents Jp s%t 
aside and only used to receive the ether extracts of it*sms or 
unsaponifiablc matter (C and E). * ' jl- 

liie aqueous layer and washings are a^adified wfth ^ydi’ocl^ric 
acid, completely extracted with ether, and the ether separated trom 
the fatty and resin acids and the remainder of unsaj)onifiable matter 
by distillation. To the flask are tuided 20 c.c. of absolute alcohol 
and 20 c.c. of a mixture of 4 parts of absolute ak;ohol with 1 part 
of concentrated sulphuric acid, and the contents heated with reflux 
condenser for five mimites. The mixture is shaken, in a sejlarating 
funnel with 100 c.c. of eth<'r and 100 c.c. of a 10 per cent solution of 
sodium chloride. The ether layer is separated and washed with 
w'ater and the aqueous la^^'r and the washings of the ether layer 
are extracted with 50 c.c. of ether. The combined ether extracts 
(the aqueous layer is discarded) are treated with 50 (*.c. of 0-2 N. 
aqueous potassium hydroxide and 10 c.c. of alcohol, and well shaken 
yif^'jr the layers have, se^parlited at k'ast twice. The ethcT layer is 
treated with 50 c.c. of w'ater containing 5 c.c. of 0-2 N. potassium 
hydi’oxid(‘ and 5 c.c. of alcohol, and after settling the aqueous layer 
is combined with the original one. These layers are extracted 
completely with ether and all the ether layers combiiK'd and w'ashed. 
The aqueous portion is acidified witli hydrochloric acid, the resin 
acids (E) extracted with ether, transferrr'd to the flask lalx^lled 
“ Gums,” and the solvent distilled off. The ether layers are 
transferred to th(^ flask and the solvent removed as bc'fore. The 
residue is refluxed with 25 c.c. of 0*5 N. alcoholic potash for one 
hour and the last of the unsaponifiablc matk^r (( Jj) rc^movcal by two 
or more extractions with 50-c.c. portions of ether. The extracts 
are added to the “ Gunis ” flask, the solvent removed, the contents , 
(C + E) dried on a steam bath overnight and heated to constant 
weight in a drying oven at 110°-120° G. The aqueous layer is 
acidified as before, completely extracted wdth ether, and the ether 
fayers washed with water. The ether layer is transferred to the 
flask and the solvent remerved. The flask and contents arc heated 
on a steam bath overnight, or until all the water is removed, and then 
hejited in the oven to constant weight (D). 

The diagram on the following page illustrates the method used. 
f Determinj^ion of lio^ln. — Qualitai^oe { Liebermann - Starch Ee- 
action )^ — Rosin may lie detected qualitatively as follot^s : 5 c.c. 
of the varnish aje poured into a sdiall separating fufinel wi^ 

5 c.c. of caibon disulphid^ the mixture shaken, and 10 c.m of acetic 
anhydride added. After complqta aeparttidn into layers, 1 or 2 c.c. 
of the lower a-cetic anhydride, layer are pcyired into an inverted 
crucible cover, and 1 drop of sulphuric aci/d (34-7* of •sulphuric 

f id to 35-6 of watel*) is carlfully added by mea^fe of a stirring-rod 
the edge of the cover, so as to mix slowly w^tl^the acetic anhy&de, 
yvhdfe a characteristic fugitive '\fiolet colour results, if rosin Be 
Olfesent. Wolffs®, stifiiaests* ^jhe following modification of •the 
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Liebermaijn-Storch method, which is more general for all forms of 
rosin likely to occur in a varnish. Five grams oil -varnish are 
dissolved in 150 c.c. ether, and the solution shaken twice with 250 c.c. 
ft a |jer cent*solution of either ammonium carbonate or caustic 
The v%ter extract, ^fter acidification with hydrochloric acid, 
isTptracted with ether. The ether solution is evaporated, the 
resmue dissolved in ten times its bulk of petroleum ether, and 3 or 
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4<ldrops of this solution tire used for the Stordii reaction. The 
addition oi ammonia the rest of^theupetroleum-wtHfer solution 
wdll cause gelatinisation<»f fbsin bc^ present. * 

— Tht# rosin may *be estimated following the 
directions given ijjder Wolff's method*previoj/sly described, fnd 
lU vie^ of increlsmg quantities of rosin in varnishes nowadays th<^ 
question becomes of toneiderabletmportance. W. T. Pearce “ Jjas 
e^tammed M^Jlheuey’s motjlod for analysis of^oil varnishes, whic|i 
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includes the estimation of rosin. The sample is saponified with an 
excess of caustic potash dissolved in absolute alcohol, and enough 
glacial acetic acid dissolved in absolute alcohol is added to liberate 
the fatty and resin acids . Then petroleum ether is aided , thorGdghiy 
mixed, and the. strong alcoholic solution is diluted wifa water, t^is 
causing the petroleum ether to sej)arate. Thisi-ether layoi^Tis 
supposed to contain only the rosin and fatty acids, the “ hard gums ” 
being insoluble in this solvent. After the solvent is distilled off, 
the residue is dissolved in absolute alcohol and esterificd by 
Twitchell's method to separate fatty acids from the rosin. Using 
this method, Boughton found that the petroleum ether solution 
would contain resin acids in cases where no rosin was p/rescnt. 
Pearce concludes that the above method, or any method based on 
the diffcj’ence of solubility of the resin acids in ])etroleum ether, 
is inapplicable. From a theoretical stand] joint this is precisely what 
would be expected. Rosin is a resin containing unsaturated acids 
not unlike the resin acids contained in Zanzibar, kauri, manila, 
and Congo gums. The free acids in rosin are largely neutralised 
before the material is ipado into varnish. During the running of 
the gums 15-30 per cent loss occurs, and in the heating changes 
in acidity are often observed. 

The following results are given of the saponilicjition, acid, and 
ester values of rosin and kauri separated from an oil varnish : 


V'arii! .Ii, 

S V. 

Acid v. 

Kstor VahiP. 

Straight rosin \ arnish . 

182-185 

160-162 

22-24 

1 rosin, f kauri 

l22-i:i5 

44-62 

72-78 

h 1 

m 

1 88 

55 

Kauri varnish . 

130 

45 

85 

Untreated kauri 

124 

41 

83 

„ rosin 

165-180 

155-170 

13 


4 The identification of the gums separated from the oil is un- 
certain. The determinatiim of the acidity and iodine value may 
furnish indications as to the presence of a hard or soft copal resin 
in the varnish. A high percentage of unsaponifiable matter indi- 
cates the presence of dammar. 

Tlie Examination of the Fatty Acids ^e]iarated from the Resins. — 

Fart of th§^cids obtained from the resin-oil separation may be 
used to study the properties of the q>,l8 used ^n the manufacture 
of the varnish. (The estimation of tung oil may be carried otit 
according !o «the method giv§p by Pearce.®’, and the hoKabromide 
test may be* used for the detection of m'on^^aden oil. 

Wolffs saponifies the non-Volatile part, ivnioves tjie rgsin* acids, 
and determines the index^f refraction of the^ fatty aads. The 
^^resence of wood on will be indicated by a value ffigher than that 
,gi^n by linseed piL The pre8ena3 of tungtOiPwill also |)e indicated 
the gelation of lije fatty acids obtaifjjcd ; e.g. a mijiEjre of 
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oil, meni^deii oil, and linseed oil in the proportion of 1 : 1 ; 2 gave 
fatty acids, which gelatinised on heating, whereas a mixture con- 
Jiaining linseed, soya, and cotton oils gave no coagulation. 

t)l3*Waele^ describes a method which Wolff considers to be 
b(\st pubfished. The^iiethod is somewhat involved in manipula- 
ti^ details^ arftl the reader* is referred to the original paper. The 
vomtile thinner is estimated by a simplified method of distillation 
with water The non-vola1)ile residue is saponified with strong 
potassium hydroxide in benzol-alcohol, the soap evaporated to 
dryness, taken up with water, acidified undef ether, and the aqueous 
layer, consisting of the mineral matter present as drier, separated 
off anil discarded. ‘The acid ethereal layer is then shaken up 
with excess ol potash and the unsaponifiable matter remaining 
in the ethereal layer estimated in the usual way. Much unsaponi- 
fiable matter indi(;ates the presence of dammar, which is insoluble in 
acetic anhydride. The intermediate step of acidification of the 
soap solution, with subsequent reconversion into soap, has for its 
object the removal of lead, calcium, etc., which might be present 
from rosinates and . which would subseauently interfere in M}^e 
separation of the resins from the oils. The soap freed from un- 
saponifiable matter is then acidified under petroleum ether '(b.p. 
35°-60'' C.), whereby “ gum-resin acids ” separate as a flocculent 
intermcdiati’j layer. These are removed, dissolved in ether, and 
weighed. The jx‘troleum-ether layer containing the resin acids 
from rosin and gum resin, together with fatty acids from the oil, 
is then evaporated to dryness and estt^rified by Wolff’s or Twitchell’s 
method. An equal volunu^ of petroleum ether is added, the acid 
present neutralised with normal alkali, and water added to an 
amount sufficient to dilute the alcohol to 60 per cent strength. 
This ensures adequate separation of the alcohol and petroleum-ether 
layers, whilst inhibiting hydrolysis of the rosin soap. The aqueous 
layer is then separated, the petroleum ether layer re-extracted 
with watcT several times, and the extracts united. The aqueous 
extract is finally acidified under ether, which latter will then contain 
the resin acids from rosin and part of the gum resin. The gum acidis 
previously referred to may be tested for^fossil gum acids, oxy-fatty 
acids, and oxyabietic acid : 


• 

• Fw it Gum Adds. 

Oxy-fatty Adds. 

j , 

Oxyabiflilc A*dd. 

70 per ceJlt acetone, cdld 

• 

Boil saturated 

borax solution . .<5i 

Alcoholic KOH . ,• 

N/2 NaOH in absolute 
alcohcfl .... 

• •• 

iKIpl. or nearly so, 
not liquefied 

Lisol. or nearly ad 

Is early 

Insol. 

Quite sol. 

• 

Quite sol. * ^ 
Easily sol. 

• 

1 Insol. 

1 ^ 

% 

Softened to 
a liquid. 

• 

Quite sqj. 
Easily sol. 

Quite Boi. 

1 -f 


• The percentage of ftil js obtlined Jjy difference. If gum lesin 
mi rosin are jy’eeent, the resin acids will bS made up of thdire 
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aocming from the tme rosin and those from the gum resin; the 
latter, however, usually contributes a proportion of resin acids 
represented by 10 per cent of the “ gum acids ” ffoun4. When^ 
rosin is introduced in a varnish with gum resin, it has not snaffered 
any prolonged or exc^essive heat treatment, so thatT its origit^ 
composition is maintained. ^ ^ ^ 

Rosin ^ 

Unsaponifiable matter about 10 per cent. 


apoi 

Oxyabietic acid (petrol-ether insoM . 
Rosin acids . , ' . 


85 


In calculating his results de Waele treats the two following cases 
separately : 


(a) Gum Remn and Rosin prp^ent. 


‘ gum acids 


per cent. 


(i. ) True rosin acid due to rosin =por cent resin acids — - 

(ii.)^Unsaponifiable matter duo rosin 

(ill.) Oxy-abietic acid in rosin — neglect. 

(iv.) True gum-rosin acids— “ gum acids.” 

(v.) Unsaponifiable matter due to gum resin = total unsap. -(1 per cent-f-ii.). 
1 per cent is deducted as being due to oil. 

(iv. )-f-(v. ) 

Gum resin per cent— ^ — - ; rosin per cent — (ii.)-f(i.). 

(b) Qnm Resin and Rosinate Drier {including ‘‘ hardened ** Rosin) 


In consequence of the heat treatment in the preparation of the 
rosinates, and of the destructive distillation to neutral hydrocarbons 
and oxidation which the resin acids in rosin undergo, the organic 
matter in rosinates averages out as follows : 


Unsaponifiable matter 
Oxyabietic acid 
Resin acids 


20 per cent. 
20 „ 

00 


The calculation of the results is very similar to that in the 
preceding case. 


j(i.) True rosin acids due to rosin as in cape*(a). 

(ii.) Uii^aponifiablef matter due to rosid-- 
(iii.) Oxyabietic acid in rosin— (ii.). • 

(iv.) True gum-resin acids—” gum aoicis ” ~ (iii.)? ^ 

(v.) Ups^>oniiiabl 0 matter duetto gum resin as in previouB^^, 

* * (iv.)-|-(v^ * t’ ^ 

Per cent gum resin - --^and per cent fosin = (i. ) + (ii. ) + (iii.)* ” 

* * 

6xy -fatty acids oxidil|'d acids of FahriQ«)^o not coexist 

ir^th resins in varnishes to any appreciable de^e. They exist in 
enamel media varnishes confining; n<r gum resin, Where 
jf^y acids may be f (KRid in fkir quantities^ attempt. to estin^W ^ 
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rosin in* such litho-oils has been made on the assumption that 
“ oxidised acids are the products of saponification. Thus, on 
aci(}ifying the •varnish, oxidised oil will not be affected, whilst partly 
neutralised ^osin (rosin^^s) will confer on the varnish* the acidity 
originally due to the rosin £|,pid present ; e.g, 2-3 grams of the varnish 
dissolved %n excess of ether or ether-benzol, and the solution 
shaken up with 2 successive lots of dilute hydrochloric acid. The 
acid layer is run off and* the ether layer washed with water or dilute 
sodium chloride solution until the washings are quite neutral. 
Alcohol is added and the solution titrated with deci -normal potassium 
hydroxide. The cSilculation of the rosin present in rosinates by 
means of the, determination of the ash is valueless, as the basicity 
of these products varies considerably.^^ 

It is evident that the separation of resin and oil is not yet 
satisfactory, although it has been much improved. The identifica- 
tion of Ohina wood oil is now more certain, but the estimation of 
its amount is not yet reliable. The quantity of polymerised linseed 
oil in a varnish is difficult to determine with certainty. An attempt * 
has been made in treating the varnish wdtk acetone after the reriloyal 
of thinners and treating the soluble and insoluble jiortions separ- 
ately for resin and oil content.^’ The results show the presence of 
more polymerised oil than was expected, but they are explicable 
on the assumption that polymerisation had taken place during the 
manufacture and ageing of the varnish. Further investigation in 
this direction is desirable. Using Twitchell’s method with varnishes 
of known comjxisition and made in bulk, the results obtained by the 
writer of the resin, oil, and thinners estimation compared with the 
calculated values will give a rough idea of the degree of accuracy of 
the method used, ]jrovided the esterification has not been carried 
so far as to produce appreciable quantities of esters of the resin 
acids. 



1. 

2. 

3. 

4. 


■Found. 

Calc. 

Found. 

Calc. 

Fo\«id. 

Calc. 

Found. 

Calc. 

Tunis . 

41-8 

41-6 



41-4 

45-3 

40-5 

43-5 

Oil 

43*3 


, 38*7 

38*2 

38-8 

38*8 

42-3 

40-3 • 

Kesin . ’ 

• KM 

15*3 


17*4 

13*8 

, 14-0 

14-8 

14-9 

.• 

1 




Z’Si 

^ 1*9 


l-3DArs 


98-2 

•98-7 

“f 


97-0 

100-0 

• 

98-4 

10(p0 








— 



The writer is of jtne opinion tkat etherification by hydrochloric 
acid af a low temperature imtil satjjration is more reliably than 
Wolff’s meth#df* Excessive etherificilbion givtfs too high a percent^ 
of oil, and vice v§r8a. The ^animation of the resins and TOs 
•separatei in analyses 3* and 4 ^ho'^p the differences between the 
original jind separated dlls and resi^^. 
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Oripinal Oils. 

Separated 

OUs 

(Etliyl 

Kat4?rs). 

Original 

Resins 

Swealrid. 

Separat(jd 

Resins. , 

' 

Iodine value 

170 

t 

oe-iOG 

f 

lOf^ 

83-85 

Saponification value . 

190 

j 

f 

, 172 

< 

130 

101-110 

Acid value . 

1-2 

1-4 

28 

27 


Guesses inaj^ be made as to the nature of the resin, but sc^mueh 
depends on the conditions of sweating that resins only of extreme 
types can be differentiated; e.g. rosin and Congo, or (;ongo and 
manila. In the chapter on Resins it lias knm pointed out how 
difficult it is to identify the mixture of resins from the values of 
the so-called constants. A large amount of unsaj^ionifiable resin 
is indicative of dammar (dammar is partly sajionifiable, and the 
unsaponifiablc portion is p^irtially soluble in ])etroleum -ether). 
Smfc-Addens^ states tht.t in the case of dammar resin a portion 
is easily saponifiable, whilst another is unsaponifiable, the latter 
being partly soluble in petroleum ether, whilst the former is 
soluble in ether only. Should dammar be suspected, the soap 
is further extracted with ether and the extract evaporated, when 
a light-colour residue indicates its presence ; extraction with chloro- 
form or carbon tetrachloride will serve to separate copal. 

Fortini^^ puts forward a method for the estimation of resins 
in soaps by treatment with nitric acid, which gives nitro-derivatives 
of resins insoluble in jxjtroleum ether. The method is also applicable 
to soaps containing resins other than colophony. 

Acid Values of Varnishes. — The acidity of a varnish is of 
importance, especially if it is to be used with pigments. The 
acid values of varnishes (linseed oil or spirit varnishes) can be 
determined by boiling with alcohol and titrating with standard 
a^tali solution, in the x>re8ence of phenolphthalein. If the varnish 
contains oils which have l^en bodied by heat or by blowing, the 
acidity cannot be satisfactorily determined by the ordinary methods. 
It is advisable to replace the alcohol by a mixture of equal volume 
of previously neutralised benzol and alcohol. In the presence of 
benzoHt is much easier to obtain a sharp ifeutralisatioivpoint.®® 

(The aciditiefe will vaPy essentially witm the resin content, so that 
short-o4 varnishes are more acid th^n long-oil varieties. The 
writer jjrefers to gtate the acidity on the gum-oil content by 
estimating scpo^rately the percentage of thinpers ; e.g . ; «> 
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• 

Aciility. 

A<’l(lity calc, 
cm Oum-oil 
Content. 

rercentaRe ot 
Thlimers. 

• 

• 


m 

• 

iip-S 

% 

.31-5 

33*9 

l*olisli . 

__ 

29*6 

• 

57-3 

48*6 


Ordinarily the linseed long-oil copal varjiishcs will have acidities 
varying iK^twccn 14 .and 20. Whore neutralisation with glycerine 
and lime has cipcurred the acidity may fall to 8 or 12 (calculated on 
gum -oil contiTit). It must be pointed out that a certain acidity 
of the resin tends to ])reserve the brightness of the varnish 
mixings. 

Analysis ol Bituminous Varnishes. — In Boughton’s scheme of , 
varnish analysis the asphaltic pitches would be found in the primary 
unsaponi liable matter, together with part of the stearine pitch 
material. The saponifiable part of the stearine pitches woulol be 
found in the fatty oils and acids, whereas the resin pitches would 
appear in the resin acads portion. It is evident that the prdfeence 
of copals and rosin will make the interpretation of the results very 
difficult ; nevertheless, it is possible to form a fair opinion as 
to the amounts of the components, if the examination proceeds 
according to the following scheme (Abrahaiii, p. 571). 

Examination of Pigment and Filler in a Bituminous Varnish . — 
Dilute 1(K) grams of the well-mixed material with 500 c.c. benzol 
in a 800 c.c. stoppered flask. Allow to stand in a warm place until 
the pigment or filler has settled, then carefully decant the super- 
natant liquid into a clean flask of large capacity. The pigment 
or filler is shaken up with 250 c.c. more Ixmzol and allowed to stand 
in a warm place until it settles, and the supernatant liquid is 
decanted into the second flask. Repeat thii treatment with benzol 
until the vehicle has been completely extracted from the pigment, 
decant through a weighed Gooch crucible provided with an asbestos 
filter. The residues in the flask and "in the Gooch crucible are 
washed with benzol as before and combined with the balance of 
the pigment or filler, which is dried at 110° C. and weighed. The 
pigment oi^ filler wilRoontaiti any fit^e carbon black or qoaf-tar 
pitch carbon. The benzol* extracts are^evaporateej ^ 110° C^to 
exactly the calculateil weight of the base%y subtracting the weight 
«f thci solvent anePthe pigftient or filler from the originallbolution 
of mateaial taken for examination, preferably ift an atmosphere of 
coal gas. The base*fe then exty^Aineef as follows*;, Dissolvp 50 
grams in 150 gram|*of benzol, mdd 10, c.c. dilute nitric acid 
(1:1), afid Boil under reflux for half a^j hour to decompose metallic 
soaps (dri*ers).t 150 c.c. water, jfid boil %gain under reflux to 
remove the mtrate%of the metallic driers. Repeat the extractftiS 
'^Hth hot mter, and separate the* be^^.ol solution of oils, pitehes, 
and resin^. The benzol Wution is .distilled *10 100 c.c. bulk, fiftid 
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boiled under reflux with 300 c.c. of a 10 per cent alcohdic potash 
solution (100 grams caustic potash, 500 c.c. 95 per cent alcohol, 
and diluted with 90 per cent benzol, to a litre) foT one^hemv ani 
the unsaponifiablc material separated, ^t is advisab^ to Examine 
the unsaponifiable material for chole^jlberol or phytosterol by the 
Liebermann-Storch reaction, and, if they be presen to he^ 2 
grams of the unsaponifiable material with 4 c.c. acetic anhydnde 
under reflux for one hour. After addition of 25 c.c. of ethyl alcohol 
(95 per cent) and heating to boiling, the liquid is decanted through 
an asbestos Gooch cruc/ble filter and the residue washed wiGi warm 
alcohol to remove acetic anhydride. The residue is then dried at 
100° C. and weighed, as r(‘}>resenting the hydrocarbons (pitenes and 
unsaponifiable resins). The filtrate from the acetic anhydride treat- 
ment is evaporated to dryness and dissolved in the smallest quantity 
of hot absolute alcohol and allowed to cool. The acetates of the 
alcohols crystallise out. They are filtered off and the crystals washed 
with 95 per cent alcohol and dried. Cholesterol a(5etate melts at 1 14° 
C., whilst phytosterol acetate melts at 120° C. If after 5 or 7 re- 
c-j*3*3tallisations the melting point is below I15°-llfi° (5., phytosterol 
may be considered to l)e absent. The above higher alcohols are 
mixM with the unsaponifiable constituents of the resins, which 
amount to 4-8 pc^r cent of the resins present. The examination of 
the hydrocarbons may be carried out as given in Chapter X . and 
under Boughton’s scheme (p. 337). The saponifiable matter is dealt 
with under the same scheme or by others previously mentioned. 
The difficulties of distinguishing between the fatty acids derived 
from the vegetable oils and those from the fatty pitches which may 
be present are very great. The following differences may be con- 
sidered as a guide only ; 



Fatty Aci<lfl from Oils. 

Fatty Adds from Pitj’hos. 

Xiactone value . 
cK. and S. fusion point . 
Hardness at 77 F. . 
Colour in mass 

Less than 25 
„ „ 80 C. 

Translucent yellow 
to brown 

1 

Greater than 25. 

„ „ 80. 

M M f>. 

Opaque brown to black. 


It 18 evidprjjt that ini.a mixture of oili^ and pitches itTs impossible 
to^obtain a quantitative insult of the two kinds of fatty acids. 

DeU;otion and Estimation of Metallic Dridrs In Varnishes 
The chief i^f^etals Vo be detected are lead, manganese, c^alt, and 
oalejumr Sip&ll quantities o^ zyic and if^oh are often found in 
varnishes, in addition ,to magnesium and* phosphates, which are 
coi^nents of. oil mucilage.^ Generally the examinatidn is Restricted 
Jbp Ihe detection of#lead, mt^nganese, cobalt, add talcium.®^ Th© 
'wdinary tests and methods of estimation may be performed on 
the^ish obtained on incineration of the yariiisn. Neve^jitheless, 
|IUslitatiTO purpose^#there is ^ great savdhg of tim© if the varhi^ 
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can be treated directly by reagents which will detect the metals 
referred to above. 

• J!iiea<?.-»-The*detection of lead is simple. The varnish nLay be 
incinercfted |nd the as^ examined by the usual me^ods, viz. 
catraction with hot nitric ai^id followed by filtration and addition 
Df podium aceft,te 8olu%)n and potassium bichromate. A yellow 
precipitate of lead chromate ^dicates the presence of lead, which 
may be confirmed by ad(fitibn of a solution of ammonium sulphide, 
whereby the lead chromate* would be transformed into black lead 
sulphide. • 

Incineration of the varnish is not necessary, because by using 
hot dilute nitryc acid the lead can bc‘ extracted from the varnish 
and the solution tested as above. A more rapid method is to dilute 
with an equal quantity of light petroleum in a test tube and shako 
w^ the varnish for two minutes with a dilute solution of potassium 
bichromate. If lead be present there is no sharp line of division 
between the two liquids, owing to a precipitate of lead chromate 
at the dividing surface and also on the walls of the test tube. If 
the contents of the tube be carefully poured away the lead chronftii^ 
is found to stick tc) the glass, and its presence can be confirmed 
by treatment with ammonium sulphide. The test woijts in the 
presence of manganese and cobalt. 

Manganese . — The presence of manganese or cobalt can be 
detected without incineration of the varnish by the following 
method : The varnish is diluted with an equal volume of light 
petroleum, a little water and a few drops of potassium hydroxide 
are added, and the mixture is well shaken. Some of the water 
layer is withdrawn by a j)ipette and tested with a solution of 
benzidine in acetic acid. A blue coloration denotes the presence 
of either manganese or cobalt.®* In the presence of cobalt it is 
advisable to incinerate the varnish, treat with hot hydrochloric 
acid, filter, and neutralise carefully with sodium hydroxide solution. 
It is recommended that the solution be warmed before the addition 
of the alkali, but the excess of alkali must only be removed when 
the solution is cold. If manganese be present, a red coloiir is 
produced on addition of a solution of potassium oxalate, which is 
said to be due to the formation of K3Mn(C204)33H20.®® It is 
stated that 0-012 milligram of manganese can be detected^ in 
10 c.c. of solution ev8n» in the presence of lead and cobailt. A 
modificationof the method 6as been put foj;w’^rd by PfIJ>.*Herman|,®^ 
in which •the varnish is incinerated and the ash is dissdved in 
hydrochloric acid. • The solution is boiled for a few minutes to expel 
chlorine, ^nd excess of potassium hydro jide added ^o» remove the 
free acid. The turbi^ solution *11 •cleared by addition of oxalic 
acid, and a solution sodium .nitAte, followed by a few drops of 
hydrogeit pei^xide, gives a currant-re4 coloration if manganeq^ be 
present. It is f dfelible to detect mangAiese in Uhe presence of cobdt^ 
without incineratioij of the va|nish or oil by a modification of 
(Shim’s rnAganese test*. i2-3 c.c. df the varnish are thinned 
34-c.c. of light# petroleunp and shaken fqr %'ix to eight minutes 
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with, moderately dilute nitric acid. The aqueous lay^r is with- 
drawn and boiled with manganese-free lead peroxide, and a violet 
tolour shows the presence of manganese. • * * 

Mangd'nese in the ash of a varnish i may be estiinated by the 
usual methods (for details of the bi^muihate m^hod see W. W. 
Scott, Standard Methods of Chemical AnaJfjsis, 1917, pi 629). ^ 

Cobalt . — As in the detection of wang^nese, the varnish may be 
examined directly or incinerated and tlje ash tested. If the varnish 
be diluted with petroleum or benzol and shaken with a weak lemon- 
yellow coloured solution of tt-nitroso-/:^-naphthol in glacial acetic 
acid, a red colour is shown in the presence of cobalt. If ^^nitroso- 
a-naphthol be used, the reaction is more sensitive f 0-00i)059 milli- 
gram in 1 c.c. of solution gives a pale red colour, whilst a-nitroso- 
/imaphthol requires a concentration of 0 -00059 milligram per c.c.^ 
If the varnish be incinerated and the ash dissolved in a mineral 
acid, the addition of ammonium siilphocyanate in excess, with a 
little concentrated potassium acetate and 2 or 3 drops of saturated 
tartaric acid (to remove ferric sulphocyanate), will give a blue 
tfdforation in the prei^nce of cobalt, due to the formation of 
Co(PNS)4(NH4),. 

The test may be performed without incineration of the varnish. 
Shake the varnish, previously diluted with light petroleum, with 
dilute hydrochloric acid, separate the water layer, and examine it 
as* above. If rosin be present the procedure is slightly modified. 
1 '5 c.c. of thinned varnish is shaken with I c.c. of ammonium cyanate 
solution; -J c.c. amyl alcohol and 3-4 c.c. ether ;are added, and the 
mixture shaken. As a red colour might indicate a trace of iron, 
1 c.c. of ammonium acetate solution and 2-3 drops of a saturated 
solution of tartaiic acid are added, whereby the vamish-cther-amyl- 
alcohol layer l)ecomes green. The addition of 1 c c. acetone causes 
the cobalt blue colour to appear in the aqueous layer.. This teat 
works even in the presence of lead and manganese. 
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Abietone, lli7 

Abietic acid, 108, 110, 136, 190 

(a,/i, 7), 139. 140, 141 

(Para), 105 

Absorption of oxygen by raw, boiled, 
and polymerised oils, 51 
Aoaroid (aecroides), 109, 112, 126,127 
— , yellow. 111, 127 
Acetone, 194, 196 

Acetylcellulose, 193, 196, 293 
Acid values of varnisbos, 342 
Acrolein, 18, 19 
Acrylic acid, 19 
Aeroplane dopi's, 294-7 
Aerostyle sprayer, 222 
Albertol, 165 

Aleuritic acid, 131 , 

Amber. 1, 2, 110, 112, 121, 122, 123. 
200 

Ammoniacum, 109 
3- Amyl alcohol, 194, 196 
a-Amyrene, 106 
tt-Amyrin benzoate, 106 
Amyrins, 106, 108 

Analysis of bituminous varnishes, 343 

drying oils (see also Drying oils), 

315-34 ^ ^ , 

oil varnishes, Boughton s 

method, 335 

, Pearce’s method, 335 

— , de W»iele’s method, 339 

^ ^ Wcflff’s method, 3351»^ 

1—*— spirit itunishes, 299 
Anglo* Amesric an seed-erpsning syfi^^m, 
• 03 - 

A^foetida^OO ^ 

, 162, 173 % ^ 

Asphaltites, 158, 169, 163 > 
Asphaltoge^c aiids, 163 
Asphalts, BMbad^ 162-3 
, BermudS, 16P2 
Gilsonite, 168, 160, 162, 168, 
glance pitf^h, 168, loz, 168 « 
Ocahitmite, 168, 160, 162, 


Asphalts {c,ontd .) — 

, Oklahoma, 161 
Syrian, 161, 163 
— , Trinidad manjak, 160-1 
— , Val de Travers, 161 
Azela\jC; acid, 1 1 


Bakelite (resin), 153 
— insulating varnishes, 313 
Balsams, 95-0 • 

RAn-rntn. 108. 109. 111. 112, 292 


— , Siam, 112 
Sumatra, 112 

Benzol (physiological action), 195 
Bitmnens, 159 
Bituminous paint, 242 

— substances, 158-74 
, origin of, 173 

- - varnishes, 240 
, analysis of, 343 

Black enamels, air-drying, 241-2 

, stoving, 243 

Blistering of varnish films, 276 
Blooming of varnish films, 277 
Blown oils, 49 
Boiled oils, 45-8 

Bookbinders’ varnish, 288, 290, 292 
Bordeaux oleoresin (turpentine), 13< 
Botany Bay gum, 127 
Breakdown voltage of insulatin 
varnishes, 306 • 

Brushes for varnishes, 221 • 

Bubbling oi varnish 276 m 

Burmalwlack varnishes, 151, 162, H 


Camphene, 181 ^ 

Canada balsam, 105, ^91 
Caliadic\cid, 106 , 

d^adinolic acid, 106 
Canodolic ftcid, lOG 
Candltnut oil, 83 
Capi^ic acid, 1^ 

1 Caprylic acid, 10 , . , . , 

T Oarbqn disulphide (physiological 
i^ttion), 196 
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Catalytic oxidation by driers, 35-44 
Celluloid varnishes, 293 
Cellulose acetate varnishes, 293 
ester varnishes, 292-8 
centrifuging proces3es, 213-16 
Cerium dri#s, 39 

— tungate, 36 

Chalking of varnish films, 276 
Chaulmoogric acids, 8 
China wood oil, 77-83, 341 

varnishes, 247-50 

Chinese lacquer, 150, 197 
Chlorinated hydrocarbonsm 192 , 196, 
196 

, dichlorbenzol, 193, 196 

, dichlorethylene, 193 

, monochlorbenzol, 193, 196 

, pentachlorethane, 193 

, tetrachlorethano, 193 

, tetrachlorethylene, 193 

— — , trichlorethylene, 193 
?-Citronellal, 127 

Classification of metallic driers, 36-7 
G^^anodonic acid, 8 ^ * 

fJoachbuilders’ varnishes, 2*2 
Cobalt driers, 89 , 199, 202, 206-7, 346 
Colophene, 183, 185 
Colophenic acids, 138, 140 
Colophony (colophonium), 109, 133- 
144, 336, 340 

Colour standardisation of linseed oil, 
331 


Consistometer, 170 
Copaiba balsam, 95 
Copal oil, 124 
— spirit varnishes, 290 
Copals, 109-10, 117 
— , Accra, 120, 122 
— , Angola, 112, 119 , 122 
— , Animi, 118 , 123, 200-1 
— , Benguela (Lisbon), 112, 119 , 122 
— * Brazil, 112, 191 , 122 
— , Cameroon, 112, 122 
•*-, Colombian, 121 
— , Congo, 112, 119 , 122, 200, 901, 2?8 
— , Demerara, 112, 122 
— , East African, 119 
— , Gold Coast, 120 
— ,^K^ri, 110, 112, 114, 115, 117 , 
m, 282. 338 , 

—I, Kissel, 1® * f 

— , Lindi, 112 

Madagascar, 112, 119 , 122 
Manila, m Il(f, 112, 114, 115, 
129,122,193,201, 300 # t 
I»ontianac,< 112, 120, 122 f ' 

Sierra Leone, 112, 120 , *122 • 

‘^-i^buth Ameri6an, 121 . - 

~r, wast African, 118,al20 a 
Cloacking of varnish films, 272 

m-f and j»<Creaol,- 154 « 

sl^n in vamii|h films, €79 


Cumarone oil-vamishes, 250 

— resins, 165-6 * 

Cyclohexanol, 193, 196 
Cyclohexanone, 19/ , 

Cyclolin, 64-6 
Cyclonftinane, 161 • 

Cyclopentad iene, 16 
Cyclopejitene, 161^ - 

Cyrqen^f 107, 147, 182 

• • • 

Dar^mar, 108-12, 114, 123, 127 , 342 

— ' resene, 108 

— spirit varnishes, 291 

IJammarolic acid,* 108 
Dammarylic acid, 108 • 

Decorator’s vamiskes, 228 
Defects of varnishes, 272-80 
Dihydroxystearic acid, 10-12 
Dimethylfulvene, 15 
Dioxyphonylmethane, 154 
Dipentene, 106-7, 139, 181 
Diperoxylinolenio acid, 17-18 
Dipping varnishes, 221 
Diterebentliyle, 147 
Do|) 08 , aeroplane, 294 
Dragon’s blood, 109-11 
Driers, classification of, 36-7 
— , combinations of, 40 

— , estimation and detection in var- 
nishes, 344 
— , functions of, 41-2 
— - , introduction into varnishes of, 206 
— , theories of action of, 42 
Drying oils, 1-33, 77-92 

, analysis of, 316-34 

— ' — , determination of moisture in, 

322 

— — , oxidised fatty acids in, 

323 

^ refractive indices of, 324 

^ imsaponifiable matter in^ 

321 

from petroleum and hydro- 
carbons, 92 
— • times of oils, 294 
Durability of varnishes, 28l 
Duroprene, 166 . ; 

a-Elseo^tebric ^id, 13, 81, 82 
/S-Blfiiostearic acid, 82 ^ 

Elal^c acid, 9# 12 , ^ 

Bl^.city of insalaiing vimishes, 805 
varnish A, 264. ' 4/ 

Klatezite, 160 w . . > 

Blerai. 1]^ 108*10, 112 * 

EnanffiUei^ films for insulating 
ni8he8^812 

Enamels, mr-diyin.g Dlaok* 241*2.- 
black stoviilg,i43 • ' ' .w; 

Epichlorhydrin, 111 
Essefitiai^Ol^dOO, 107, J09 
Ethyi^ormafO, 194 ’ . , ^ )'f 
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Extraction (solvent) process (linseed 
• oil), 66 • 

Filter presses, 210 
Fiftratitill^f varnis^ies, 210 
Finishing coats 0S. varnishes, '2k^ 

Fish oils, 90 ^ 

Flakmg of varnish Urns, 272 ^ 

Floc^irocpss, ^24 ^ ^ 

Flowing-on process, 222 • • 

Frankincense, Indian, 107 j 

Frankonite, 72 

French polish, 287 

Fullers’ earth, 70-1 

Furfural, 455 

Fusel oil, 194 • 

Galactose, 69 
Gamboge, 111 
Guiacuin, 109 
Gum arabic, 94 

— thus, 102, 104 

— tragacanth, 95 

Hardiness of varnishes, 266 
Hempseed oil, 88 
Hoptaline, 193 
Heptane, 104 

Hexabromide tost and vahio of 
linseed oil, 327 
Hoxahydroxystoaric acitl, 14 
Hexalino acetate, 194 
Hexamethylenetetramine, 1 54 
Hydrourushiol, 152 
Hydroxy stearic acid, 12 

Indene (Para), 155-6 
lnd\istrial uses of lac rosin, 1 30 
Inside varnishes, 230 
^Insulating varnishes, 302-14 

, testing of, 304-8 

Iron driers, 203 
Isanic acid, 8 
Tsobutyl alcohol, 194 
Isohydrourushiol, 152 
Isolinusic acid, 14 
Iso-oleic acid, 10 
Issolin, 155 

Japan lac, 150-2, 197 . • 

, Jagans, black, 140 . 

Ketohydroxf stearic acid,* 11 
Kfctostearic acid, 11 • 

KiSnol, 17€ 
iCiri, 131 

Ki-urushi, 150 ^ 

Knotting, 287 • 

Kettstorfef valu^, 113, 320 
Kusmi ari, Al # # * 

Lie, 110, 12g, 128-33 , 

. I.aogise,J5l 


Liicquer paints, 143 

Lead driers, 39, 199, 202, 206-7 

— tetraethyl, 38 

Leather varnishes, 245-7, 297 

Lecithin, 69 

Liehermann-Storcli reactiofi, 172, 336 
Limonone, 181 

Linolenic acid (a and /3). 8, 14 , 84, 85 

Linolenin, 18, 33 

hinolic acid, 8, 12, 13 , 81, 84, 85 

Linoxyn, IS, 21 

Linaecd oil, 8-33 

, bleaching of, 7 1 -5 

, distribution of, 59 

, extraction of, 62 

, fatty acids, 91 

, oxidation of, 15-33 

^ ^ influence of light on, 28 

, refining of, 68-71 

substitutes, analysis of, 332 

Linnsic acid, 14 
Lithographic varnishes, 52-5 
Lumbang oils, 83 

Lysig^inc ail cavities, 109 ^ 

Malthones, 162, 171 • 

Manganese driers, 38 , 199,. 202, 206, 
207, 345 

Maiijak (Trinidad), 160-1 
Mastic, 109-12, 122-3, 126 
[ varnishes, 291 
Menhaden oil, 86. 90. 91 
Methylcymene, 147 

— formate, 104 
Mothylphenanthrene. 147 
Moisture in drying oils, estimation 

of, 322 

— , influence of, on oxidation of 
linseed oil, 23-8 

Morphology of P’mus marititna, 97 

— Pmw.v pdlustriji, 102 

Mottleil surfaees of varnish films, 280 
Mucilage (linseed oil), 69, 70, 331 
Mueo-cellulose, 70 • 

t 

Naphtha, rectified, 187 
Naplitlias, solvent, 190 
Niger oil, 88 
Nonylaldeliydc, 11 
Nonylic ackl, 11, 12 
Nopiner#, 181 • ’ 

Octylamine, 11 
(Ennntlioldehyd?, 10^ ^ 

(E*antlile acid, 10 
•diticica oil, 89 * 

Olhic acidji8-10, 84, 85, 329 
Oleorlbsins, 95-107 
Olibinum, lOT* 

j Oxidation of linseed oil, 15-23 
— ^turpentine, 182 
Oxidised fatt^ acids, analysis oi^ 3§I 

% . 0 A 



;354 VARNISHES AND $HEIR COMPONENTS 


Ozokerite, 160, 106 
Ozonised air (oil bleacher), 73*5 

Pieonal, 127 
Talinitic acid, 0 
Pura niblf>r-soed oil, 87 
Paraomnarone oil varnishes, 2r4) 
Peeling of varnish films, 27.^ 
Pelargonic acid, 10, 12 
Pent aline, 193 
Pentosane, 69 
Peri 11 a oil, 84 
Pelrolenos, 162, 171 
Petroleum pitches, 159, 104, 168, 172 
— (white spirit), 172, 187, 188-90, 
195, 198 

Petroselenic acid, 10 
Phellandrene, 106, 181 
Pheiiantlirene, 139, 147 
Phenol formaldehyde rosins, 153 
Physiological action of varnish solv- 
ents, 194, 196 
Phytosterols, 8, 321 
Picric acid, 108, 127 ■ ‘ 

Apfeiaric acid, 108, 137, 140 
Pim^rinic acid, 108 
Pinabietig acid, 138, 139 
I'ine oil, 1 86 

Pine-knot turpentine, 176 

a-.Pineno, 137, 139, 181 

/it-Pinene, 137, 139, 181 

f-Pinene, 104, 106 

Pinholing of varnish films, 274 

Pinic acid (a, (i, and 7), 139, 140, 141 
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